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1. Discussion Background and Target
(1) Discussion Background

e  The International Linear Collider (ILC) project, which was planned originally to deliver
electron-positron collisions at 500GeV for experiments by using a 30km long linear
accelerator, has been expected to elucidate how the universe was created and to advance
elementary particle physics to enter into a new stage, by investigating in detail the Higgs
boson, a particle to generate mass, and by discovering new particles beyond the Standard
Model.

¢ The international researchers' community of elementary particle physics has initiated a
design effort of the ILC as a global project and has completed the Technical Design Report
(hereinafter TDR) in June 2013. The international ILC community subsequently proposed
the ILC to be constructed in Japan and proponents in Japan have promoted a campaign to

invite the ILC anticipating developing an international science city.

e Under these circumstances, MEXT decided to start examining the ILC project.

(2) Discussion at MEXT in Response to the Report (September 2013) by Science Council of Japan

e In May 2013, MEXT made a request to Science Council of Japan (hereinafter SCJ) to
deliberate scientific merit and related issues of the ILC project. As a response to the above
request, SCJ published a document, "Report on the International Linear Collider Project"
(hereinafter SCJ Report) in September 2013, addressing that "the ILC is endowed with a
scientific value in particle physics, however, given the considerable investment it will
require, SCJ expresses the desire for more compelling and articulate argument to justify
the ILC project and its concurrent running with the upgraded LHC." SCJ concluded that "it
is too early to grant the full-scale implementation at the moment" and recommended that
"the government of Japan should (1) secure the budget required for the investigation of
various issues to determine the possibility of hosting the ILC, and (2) conduct intensive
studies and discussions among stakeholders, including authorities from outside
high-energy physics as well as the government bodies involved, for the next two to three

years."

e In response to the SCJ Report, MEXT established the International Linear Collider
Advisory Panel (hereinafter Advisory Panel) in May 2014 to discuss various ILC related

issues.

* The Advisory Panel decided at its first meeting to create two working groups, the
Elementary Particle Physics and Nuclear Physics Working Group (hereinafter Physics WG)
and the TDR-Validation Working Group (hereinafter TDR WG), to discuss science merit of

the ILC given a considerable investment and issues addressed in the TDR such as cost



estimation and technical feasibility respectively. By March 2015, the Physics WG held
eight meetings and the TDR WG held six meetings and published respective reports.

e In parallel, MEXT has conducted subcontracted projects, "Survey of spin-off effects of the
ILC project from technical and economic aspects and research trends in elementary particle
physics and nuclear physics including necessary technologies in the world" (hereinafter

Survey.)

e Two WG reports, together with a report of the Survey, have been presented at the third
Advisory Panel meeting. At its fourth meeting, held on 25 June 2015, the Advisory Panel
completed a report, "Summary of the International Linear Collider (ILC) Advisory Panel's

Discussions to Date" (hereinafter Discussions to Date in 2015).

(3) Discussions after summarizing Discussions to Date in 2015

e At its fourth meeting, the Advisory Panel, in consideration of the future issues pointed out
in the Discussions to Date in 2015 as well as the SCJ Report, decided to create Human
Resources Securing and Developing Working Group (hereinafter Human Resources WG),
which held six meetings to discuss the issues related to human resources, and at its fifth
meeting published a report on 7 July 2016, "Report on Measures to Secure and Develop

Human Resources for the International Linear Collider."

e At its sixth meeting held in February 2017, the Advisory Panel decided to create
Organization and Management Working Group, which held six meetings to discuss the
following issues: organization and management of an international research institution,
the living environment and social infrastructure of the surrounding area, and the domestic
organizational structure in case that the international organization is founded in Japan. At
its sixth meeting, the Advisory Panel published a report on 28 July 2017, "ILC Advisory

Panel Report on ILC Organization and Management."

e Since then, the Linear Collider Collaboration (LCC), an international organization of
researchers involved in the ILC project, submitted a revised plan to the Linear Collider
Board (LCB), an international committee for the promotion of the ILC. The LCB has
approved the revised plan! and submitted it to the International Committee for Future
Accelerators (ICFA). The ICFA endorsed the revision? and made a public announcement in
November 2017. The revised plan proposes an ILC operated at a collision energy of 250
GeV (hereinafter 250 GeV ILC), instead of the original 500 GeV ILC, based on the results

1 "Conclusions on the 250 GeV ILC as a Higgs Factory proposed by the Japanese HEP
community" (Linear Collider Board, 8 November 2017, Rev 1)

2 "[CFA Statement on the ILC Operating at 250 GeV as a Higgs Boson Factory"(Ottawa,
November 2017)



obtained in 13 TeV LHC experiments using data collected by the end of 2017, together with

due consideration of cost reduction.

* Inresponse to the revised plan, the Advisory Panel, at its eighth meeting held in December
2017, decided to reconvene the Physics WG to revisit the scientific merit and the TDR WG
to re-examine the cost estimation and technical feasibility. Each WG held five meetings to
scrutinize the revised plan incorporating the latest available knowledge and the respective

reports were presented at the ninth Advisory Panel meeting held in May 2018.

e In addition, MEXT subcontracted researches/surveys as listed below in support of the
Advisory Panel and the WGs:

- Survey on the technical feasibility and technological issues in accelerator construction
for the ILC project (February, 2016)

- Report of the analysis of international cooperation on large international projects
(March, 2017)

- Survey on regulations and risks relevant to the ILC project (February, 2018)

- Research on cost reduction of the international large-scale accelerator-based facility
(February, 2018)

(4) Rationale for this Document

e In response to the proposal of the ILC revised plan based on the results obtained in the
LHC experiments, two WGs reconvened; the Physics WG was to revisit scientific merit and
the TDR WG was to re-examine cost estimation and technical feasibility. On receiving the
reports from these two WGs, the Advisory Panel issues this report, "Summary of the ILC
Advisory Panel's Discussions to Date after Revision," (hereinafter Discussions to Data after

Revision) to clarify the entire picture of the ILC project as much as possible.

2. Overview of Discussions

The Advisory Panel summarizes in this report inquest into scientific merit, cost estimation and
technical feasibility, securing and developing human resources, organization and management,
and international cooperation conducted by the Advisory Panel and WGs in order to update the
entire picture of the ILC taking into account the study result described in the Discussions to Date
in 2015.



(1) Scientific Merit

e The results of the LHC experiments as of the end of 2017 have indicated the absence of an
evident hint of new particles beyond the Standard Model, such as strongly-interacting
SUSY particles, or new phenomena such as dark matter or extra dimensions, although a
variety of other results have been obtained since the discovery of Higgs boson. The results
have also indicated that the chance for new particles and/or new phenomena to be observed
by the end of 2018 during the 13 TeV LHC Phase II operation is small.

e Based on the above observations and taking into account the importance of precision
measurements of the Higgs boson, the international researchers' organization proposed a
revised ILC plan where the machine operates as a Higgs factory by changing the collision
energy from 500 GeV to 250 GeV. In response to this revised plan, the Advisory Panel has
reviewed the scientific merit of the 250 GeV ILC.

e The strongest advantage of experiments at the 250 GeV ILC is their capability to precisely
measure the couplings of the Higgs boson. If any coupling(s) is measured to be different
from the Standard Model prediction, a particle-by-particle pattern of the deviation will
elucidate the nature of new physics, suggesting a future direction of elementary particle
physics. Mysteries in the Standard-Model such as the nature of dark matter and

compositeness of the Higgs boson may also be clarified with this measurement.

e Advantage of the 250 GeV ILC for precision Higgs measurements has been confirmed by
the following two facts: the production cross section of the Higgs boson is at a maximum at
around 250 GeV, and the non-observation of new particles at 13 TeV LHC ensures that
the effective field theory is applicable to extract precisely the Higgs couplings to the other

elementary particles.

*  The change in the collision energy from 500 GeV to 250 GeV, on the other hand, precludes
the precision measurements of the top quark, which require a collision energy of at least
350 GeV.

* Non-observation of new particles at LHC by the end of 2017 indicates that the discovery
chance for new particle(s) such as a non-strongly interacting super-symmetric particle
would be even smaller at the 250 GeV ILC although they have been thought to be
discovered at ILC in spite of difficulty of discovery at LHC.

e Indirect searches* for dark matter particles or particles related to extra dimensions by
various methods, such as the measurement of large missing energy, are still effective even
at the 250 GeV ILC.

* Measurements of invisible decays of the Higgs boson, single-photon events, and

radiative corrections to the pair-production of Standard Model particles.



(2) Validation of Cost Estimation and Technical Feasibility

e The estimated construction cost* of the revised 250 GeV ILC presented at the Advisory
Panel is 735.5~803.3 billion-yen (635.0~702.8 billion-yen for the accelerator and 100.5
billion-yen for the detectors.) Additional expenses may arise from an inaccuracy (ca. 25%)

in the cost estimation.

* The cost of the original 500 GeV ILC was estimated to be 1091.2 billion-yen (990.7

billion-yen for the accelerator and 100.5 billion-yen for the detectors.)

e The annual operation cost has been estimated to be 36.6~39.2 billion-yen*. A
supplementary cost in a preparatory phase has been estimated to be 23.3 billion-yen. An

additional cost, such as a site-specific expenditure, may add up.
* The annual operation cost of the original 500 GeV ILC was 49.1 billion-yen.

* The contingency, a reserve for unforeseeable expenditure, has been estimated to be about
10 % of the project cost (construction of the accelerator and the detectors, and operation.)
The cost of decommissioning, which has been newly estimated to be equivalent to the cost

of two years of operation, has been clearly specified.

* The above cost estimation, provided by the researchers' community, incorporated some
counter-measures against cost risks. A tangible progress in the cost reduction has been
demonstrated by the change of the collision energy as well as new development of
superconducting cavities compared to the estimated cost described in the Discussions to
Date in 2015. The Advisory Panel points out that additional cost in association with the

'

"risk factors and technical issues," such as technical risk, schedule risk arising from the

extension of construction period, and market risk, should be carefully considered.

* As pointed out in the Discussions to Date in 2015, there still remain issues on several
subsystems, such as beam dump, positron source, electron source, beam control, and the
injection/extraction of the damping ring. The technologies of these under-performing
subsystems should be completed during the preparatory phase, especially for the beam
dump. Long term stability and maintenance scenario of the beam window, and resistance

to the earthquake should be developed and completed in the preparation period.

* The countermeasures should be developed against conceivable risks and relevant legal
regulations: civil engineering, radiation safety, earthquake, mountain spring water, and

environmental impact.

(3) Validation of Human Resource Development

e The human resources required annually for the ILC accelerator project during the
nine-year period of construction has been estimated to be about 830 for construction and

about 380 for installation*. These are averages of seven years from the third to ninth year.



* For the 500 GeV ILC, 1,100 for construction and 480 for installation.

e A significant amount of human resources must be engaged domestically and
internationally when a large-scale international cooperation project like the ILC 1is
undertaken. It is evident that currently available human resources are not sufficient and
introduction of a new employment system is indispensable. The CERN's employment
system, Project Associates*, which has been introduced for the construction of the LHC,

should be referred to.

* An employee of an outside institution participating in a project at CERN returns to
his/her original institution after the engagement at CERN completes. CERN has no
responsibility for his/her employment. A work experience at CERN, a prestigious
institution, would help enhance his/her job opportunity at an international

organization or project.

e Itis necessary to train and secure experts capable of managing large-scale projects as well

as experts capable to grasp the entire project including large-scale accelerator.

* It is important to involve younger generation in the management of the entire system
taking every opportunity of renovation and major upgrade of existing facilities, both

domestic and international, so that they can play leading roles in the future projects.

* International sharing of human resources is assumed to be coordinated carefully with
partner institutions abroad for salary and other working conditions. It is also important to
plan and develop comprehensive infrastructure, including housing and life support for

family members, with a support from local community.

(4) Validation of Organization and Management

* Researchers' community assumes that a multi-national pre-laboratory will be established
based on an agreement among research institutions with the consent of respective
governments for the first period of four years to finalize the engineering design and to
coordinate task assignment among participating countries. Then the pre-laboratory will
evolve into a treaty-based international organization, the ILC Laboratory, and after a

nine-year period of construction the international collaborations will start experiments.

e The headquarters of the pre-laboratory is assumed to be located at KEK. It should be noted
that the timing and range of resources to be relocated from KEK to the pre-laboratory
should be discussed with domestic and international partners. The relocation should not

interfere with other research projects to be completed at KEK.

e It is reasonable to establish and operate the ILC Laboratory as an inter-governmental
treaty-based organization because its facilities and equipment require multi-national

cooperation and long-term governmental commitments of partner countries. It is also



crucial to invite a capable researcher with an international recognition as the head of the

ILC Laboratory to manage the entire project.

*  The fabrication of equipment is assumed to be shared among partners as their in-kind
contributions in conformity to respective local workflow conventions. In order to avoid
delays and cost overrun, it is essential to prescribe clearly the rules and define the extent of
authority for a change of specification. It is also important to secure an appropriate amount

of budget for unforeseeable situations.

* Considering a recent research environment, in which researchers are able to carry out data
analysis at their home institutions thanks to high-speed internet connections, the
ILC-related population around the site is expected to decline after the completion of
construction. An increase of CERN-related population around the CERN site should be

considered as a side effect of its location in the vicinity of a cosmopolitan city, Geneva.

e Support from local governments is indispensable in providing public facilities and services
to satisfy a variety of requirements for living environment and social infrastructure as

assumed for the ILC Laboratory.

e KEstablishing a national consortium for the detector development and data analysis, as a
framework for Japanese universities to participate in an international collaboration, is

effective in making their strong presence and promoting their internationalization.

e  Under the financial constraint, it is difficult to maintain the present funding level of KEK
as it is in addition to the establishment and operation of the ILC Laboratory. Therefore, the
high-energy physics community should establish a consensus on their future plan by

carefully selecting projects and focusing available resources.

e Future prospects of the industrial application of superconducting cavity technology is
unclear at present. Therefore, its spin-offs and technology transfer should be promoted by
means of close collaborations with industry. The management of ILC is deemed difficult
beyond the capacity of a team composed solely of researchers. A collaboration between

academia and industry should be established to manage the project.

(5) International Cooperation

e The ILC is an international project requiring an enormous investment. It is essential to
conduct the project in cooperation with international partners and the cost should be
shared among the partners. Accordingly, the willingness of every potential partner to make

a reasonable contribution should be confirmed.

e According to the Discussions to Date in 2015, "the European and American particle physics

community expects Japan to proceed with the ILC project in line with their strategies.



However, current plans and budget of their countries do not explicitly define the ILC

project. It is necessary to proceed based on worldwide attitudes to the ILC project."

When the international researchers’ organization announced the revised plan of the ILC
project in November 2017, they recommended construction of the 250 GeV ILC in Japan
and anticipated appropriate cost sharing exemplified in European XFEL and FAIR; these
are international projects in which a major contribution®, including the civil engineering

and other infrastructure, is provided by the host country. (See page 81 of the original text.)

* The host contributes 58 % for European XFEL and 69 % for FAIR. These projects are

described in detail in "(6) Examples of large accelerator facilities."

The Advisory Panel inquired the intention of exemplifying these two projects, the LCB’s
response was as follows; "The two accelerator based research facilities, European X-ray
Free Electron Laser (European XFEL) and Facility for Anti-proton and Ion Research
(FAIR), to be relevant for the current ILC discussion in the following two aspects: For both
cases, the host country, Germany, (1) carried a considerable fraction of the cost, and (2)
declared first their intention to host the facility with a significant contribution and then
took initiative to form an international collaboration and to play a leading role in the
project realisation. According to the LCB opinion, the host country needs to take a
leadership in forming an international collaboration in order to achieve timely construction
of the ILC project at the present moment. Indicating the intention of making an
appropriate contribution as a host country is highly desirable to start such process."

(Original text is in page 82.)

On the premise that a fractional contribution in the revised plan is higher for the host
country and lower for others, the international researchers' organization has expressed
their desire that Japan declares its intention to host the ILC project and to take initiative
to form an international collaboration. The expected host contribution, however, is higher
than other international big-science projects* in which Japan has participated. Under the
tough financial condition in Japan, the international cost sharing should be realistic and

sustainable.

* Examples of international cost sharing presented at the Organization and
Management WG:

ITER (International Thermonuclear Experimental Reactor): 45.46% for Europe, the
host region, 9.09% ea. for other participating regions.

CERN: Share of expenditure is proportional to the average of Net National Income
(NND) for the latest three years.

ALMA (Atacama Large Millimeter/submillimeter Array): Starting from an equal
sharing among three regions, Japan, the United States and Europe, the final
contribution after reconciliation was set to be 25 % for Japan and 37.5 % ea. for the
U.S. and Europe.



e The ILC has been promoted as an international academic project with the support of
relevant international researchers' organizations. Therefore, it is important to attain a
proper balance between the host and the others paying attention to secure sufficient
contributions from participating countries while keeping decentralized authority and

responsibility.

e In May 2016, MEXT and U.S. Department of Energy (DOE) opened a dialogue on the ILC
project and, based on a mutual understanding on the importance of cost reduction,
launched a collaboration between KEK and Fermi National Accelerator Laboratory (FNAL)

for this purpose.

* MEXT exchanged opinions with Ministry of Higher Education, Research and Innovation
(MESRI), France, in March 2018 and German Federal Ministry of Education and Research,
(BMBF) in May 2018. Both partners pointed out the same comments as described below:

- A reference to the ILC project in the European Strategy for Particle Physics Update,
which is slated to be published in May 2020, may exert a certain influence on the
government-level decision, however, considering the nature of the strategy document
being published from a scientific viewpoint, it will not necessarily guarantee any
governmental decision to fund the ILC project.

- The funding process for a large project in France and Germany is similar to that of
Japan. The decision is based on an evaluation of entire science community and
subsequent priority-setting by the administration. The contribution of governments of

France and Germany to the ILC project should be deliberated along the same line.

* The international cost sharing will be decided by the inter-governmental negotiations
between partner countries. At this moment, however, the ILC is not ranked in any
government-level planning nor scheduled funding in any country. Therefore, it is important
first to have realistic prospects for the commitment and financial contributions of potential
partner countries. An inter-governmental agreement will be reached only after the project
is approved by a science council or its equivalent in each country and progress towards

securing the budget is inevitable in each country.

* It should be noted that the ILC project will lose international momentum if decisions on the

ILC project implementation are not made in a timely manner.

(6) Examples of Large Accelerator Facilities

* The most expensive accelerator built in Japan so far is J-PARC, which costed about 150
billion-yen*. Other examples include SPring-8 (ca. 110 billion-yen*) and KEKB (ca 37.8
billion-yen**). Compared with these precedents, the ILC is much more expensive.
Therefore, an accurate cost estimate is essential and scientific merit should be verified to

be commensurate with the enormous investment.



* J-PARC and SPring-8: Beam lines constructed in the construction period are included.
Labor cost is not included.

** KEKB: An existing tunnel is utilized. Labor cost is not included.

e LHC is the largest accelerator in the world at this moment. While utilizing an existing
tunnel, an additional construction cost for LHC is about 500 billion-yen apart from the

labor cost.

e As described in the previous section, (5) International cooperation, LCB denoted European
XFEL and FAIR as examples of recent international projects of the same kind. The outline

of these two projects are illustrated below.

[1] European X-ray Free Electron Laser (E-XFEL)

e The construction cost, 1.22 billion-euro (ca. 167 billion-yen), is shared among Germany
(58 %), Russia (27 %), and ten other countries (1~3 % ea.).

* In 2003, in response to a proposal submitted by DESY, German government expressed its
willingness for the construction of XFEL and its readiness for a 50% contribution.

Following these actions, the government-level negotiations started.

e At first, contributions from European countries for the construction were limited to 1~3 %
each. However, since Russia expressed its participation in 2009 with a contribution of 250
million-euro (34.2 billion-yen), the treaty for an international project has been concluded

and the construction started.

*  Since then, the construction continued as planned despite cost overrun for the accelerator.
In consequence of a delay of one year, the construction cost has increased by about 13 %

compared with the estimate at the time of signing the treaty.
* A recollection of a researcher involved in the project;

- An administrative complexity, arising from the cost sharing, could be mitigated if

Germany could undertake full responsibility for civil engineering.

[2] Facility for Anti-proton and Ion Research (FAIR)

e The construction cost, 1.262 billion-euro (ca. 173 billion-yen), is shared among Germany
(69 %), Russia (17 %) and seven other countries (0.5~3.5 % ea.).

e In 2003, the German government approved the FAIR project on the condition that a
quarter of the construction cost should be collected from abroad. Since then, the

government-level negotiations started.
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e At first, contributions from European countries for the construction were limited to
0.5~3.5 % each. However, since Russia expressed its participation in 2010 with a
contribution of 180 million-euro (24.6 billion-yen), the treaty for an international project

has been concluded and the construction started.

*  Since then, the German government suspended the construction because of cost increase
arising from countermeasures against the soft ground of the site and the radiation safety
standards considering the East Japan Great Earthquake Disaster. After revising the
project based on an external review, the construction re-started in 2017 and is slated to be
completed in 2025. In consequence of a delay of eight years, the construction cost has

increased by about 23 % compared with the estimate at the time of signing the treaty.
¢ A recollection of a researcher involved in the external review;

- The project management did not function well and the communication between
groups and layers was poor.

- The major cause of the increase of the cost and the delay in the schedule lies in the
disordered civil construction, which was fully undertaken by Germany. The technical
management of the accelerator and detectors are in better shape.

- The scientific merit of the project has been appreciably diminished due to an extended

delay.

e Superconducting Super Collider (SSC) was planned in the U.S. in the same period as LHC.
The project halted halfway at a later time. A recollection of a researcher involved in the

project; Lessons could be learned from the following conceivable factors of the cancellation;

The U.S. fiscal policy turned to austerity budget.
The cost increase from 4.5 to 11 billion-dollar due to changes in the design.
The exaggerated spillover effect evoked a bad feeling.

The selected site on a green field has brought up various problems.

3. Summary of the Discussion to Date on the Revised ILC Project

The ultimate goal of elementary particle physics is to understand natural laws of elementary
particles and universe in a unified framework. Many important experimental programs are in
progress with a variety of approaches to study, for example, the unification of forces, the super-
symmetry, and other physics beyond the Standard Model. (See page 86 "Challenges and activities

to understand natural laws in a unified framework.")

The ILC project is expected to make a significant contribution in the search for physics beyond
the Standard Model and in exploring new physics by investigating in detail the properties of the
Higgs boson and by discovering new particles. In response to the SCJ Report (September 2013),
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MEXT launched an Advisory Panel to scrutinize the ILC project (original 500 GeV ILC) and made

the following recommendations.

(Recommendations in Discussions to Date in 2015)

Recommendation 1°: The ILC project requires so huge investment that a single country cannot
cover, thus it is indispensable to share the cost internationally. From the viewpoint that
the huge investments in new science projects must be weighed based upon the scientific
merit of the project, a clear vision on the discovery potential of new particles as well as
that of precision measurements of the Higgs boson and the top quark has to be shown to

clarify the strategy to go beyond the Standard Model of the particle physics.

Recommendation 2: Since the machine performance and scientific achievements of the ILC project
are to be designed based on the results of LHC experiments by the end of 2017, it is
necessary to closely monitor, analyze, and examine the development of LHC experiments.
Furthermore, it is necessary to clarify how to solve technical issues and how to mitigate

cost risk associated with the project.

Recommendation 3° While presenting the total project plan, including not only the plan for the
accelerator and related facilities but also the plan for other infrastructure as well as
efforts pointed out in Recommendations 1 & 2, it is Important to have general

understanding of the project by the public and science communities.

The international researchers' community proposed the revised plan of the ILC project based on
the results obtained by the LHC experiments. In response to the revision, the Advisory Panel,
taking into account the above Recommendations, has carried out surveys and discussions on the
revised plant (250 GeV ILC) by means of hearings from and analyses by researchers' community.
The Advisory Panel summarizes the discussion as follows to clarify the entire picture of the ILC

project as much as possible.

Scientific Merit

*  According to the results obtained by the LHC experiments by the end of 2017, there is no
indication of new particles nor new phenomena such as dark matter or extra dimensions.
The chance for new particles and new phenomena to be observed by the end of 2018 during
the LHC Phase II operation has turned out to be small.

e The strongest advantage of the 250 GeV ILC lies in its capability of the precise
measurements of the Higgs boson thanks to the maximum production cross section at 250
GeV. If the precisely measured Higgs couplings are different from the Standard Model

prediction, the particle-by-particle pattern of deviations will indicate a solution to the
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mysteries of the Standard Model, for example, whether the Higgs boson is elementary or

composite, and may suggest a future direction of elementary particle physics.

* Based on the results obtained by the LHC experiments, the discovery potential of new
particles is now limited to particles, which had been deemed difficult to detect at LHC
while possible at the ILC. The revised ILC, operating as a Higgs factory with a reduced
collision energy of 250 GeV, precludes the precision measurements of the top quark, which

requires a collision energy of at least 350 GeV.

*  The 250 GeV ILC is still a tool to search for new particles such as dark matter that could be

detected indirectly through the observation of large missing energies.

Validation of Cost Estimation and Technical Feasibility

*  While the revision of the ILC project has brought a significant cost reduction for the
accelerator and civil engineering including the tunnel, it still requires an enormous
investment, beyond the capacity of a single country, and accordingly the international cost

sharing is indispensable.

*  While some R&Ds aiming at the cost reduction turned out to be effective, other risk factors
and technical issues that may bring about an additional cost should be carefully

considered.

* There still remain issues on several subsystems such as beam dump, positron source,
electron source, beam control, and the injection/extraction of the damping ring. The
technologies of these under-performing subsystems should be completed during the

preparatory phase.

International Cooperation

*  On the premise that a fractional contribution in the revised plan is higher for the host
country and lower for others, the international researchers' organization has expressed
their desire that Japan declares its intention to host the ILC project and to take initiative
to form an international collaboration. The expected host contribution, however, is higher
than other international big-science projects in which Japan has participated. Under the
tough financial condition in Japan, the international cost sharing should be realistic and

sustainable.

e The ILC has been promoted as an international academic project with the support of
relevant international researchers' organizations. Therefore, it is important to attain a

proper balance between the host and the others paying attention to secure sufficient
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contributions from participating countries while keeping decentralized authority and

responsibility.

* The international cost sharing will be decided by the inter-governmental negotiations
between partner countries. At this moment, however, the ILC is not ranked in any
government-level planning nor scheduled funding in any country. Therefore, it is important
at first to have realistic prospects for the commitment and financial contributions of
potential partner countries. An inter-governmental agreement will be reached only after
the project is approved by a science council or its equivalent in each country and progress

towards securing the budget is inevitable in each country.

* Remedy for Human Resource Development and Organization and Management have been
proposed assuming international coordination. It should be noted, however, that a lack of

fair prospect may pose an obstacle to the project.

Dissemination to General Public and Science Community

e In response to the SCJ Report (September 2013) issued by SCJ, the Advisory Panel has
conducted surveys and discussions for both the original ILC (500 GeV ILC) and the revised
project (250 GeV ILC) to clarify the entire picture of the ILC as much as possible from
various viewpoints: scientific merit, cost estimation and technical feasibility, human

resource development, organization and management, and international cooperation.

e It is vital that the entire picture of the revised ILC should be disseminated to and shared
among the general public, science community in particular, to gain the understanding and
support for the scientific outcome and other ripple effects expected from the ILC project
before making a decision of the ILC, a project requiring an enormous investment,
considering an impact on academic circles as well as the mid- and long-term financial

circumstances in Japan.

* Referring to a message in the SCJ Report, stating that "upon completion of the above
investigation, SCJ is prepared to contribute to the government's decision by presenting
scientific and academic perspectives," and in light of the significance of a report issued by
SCdJ, an institution representing the entire science community in Japan, the Advisory

Panel anticipates that SCJ revisit the ILC project by making the most of this report.
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Details of Discussions

(1) Scientific Merit
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Scientific Merit

The Elementary Particle Physics and Nuclear Physics WG (hereinafter "the Physics WG") has
scrutinized the scientific merit of the ILC and discussed whether it justifies the large investment.
After holding eight meetings since June 2014, the Physics WG completed a report (hereinafter the
"Previous Report") in March 2015. In June 2015, having received the Previous Report, the ILC
Advisory Panel (hereinafter the "Advisory Panel") published a document (hereinafter

"Discussions to Date") summarizing the discussion thus far on a proposal for a 500 GeV! ILC.

Since then, the Linear Collider Collaboration (LCC), an international organization of
researchers involved in the ILC, submitted a revised plan? to the Linear Collider Board (LCB), an
international committee for the promotion of the ILC. The LCB has approved the plan and
submitted it to the International Committee for Future Accelerators (ICFA)3. The ICFA
endorsed the revision and made a public announcement4 in November 2017. The revised plan
proposes a 250 GeV ILC, based on results obtained by the experiments at 13 TeV LHC by the end
of 2017, together with due consideration of cost reduction. In response to the revised plan, the
Advisory Panel met in December 2017, and reconvened the Physics WG to re-examine the
scientific merit and relevant issues from experts' viewpoint. The Physics WG held five meetings
since January 2018 to revisit the Previous Report incorporating up-to-date scientific results and

produced this report.

1. Results obtained in the experiments at CERN

e It was pointed out in the Previous Report and Discussions to Date that the decision of ILC
specifications and the evaluation of expected achievements should be made after the
results obtained in the Phase II operation of the LHC at 13 TeV.

e The LHC Phase II operation at 13 TeV extends to 2018, although the original schedule was
from 2015 to 2017. The physics WG studied the LHC results until the end of 2017, and
noted the significant progress of the LHC experiments since the Higgs boson discovery, and
the absence of any clear indication of new particles beyond the Standard Model, such as
strongly-interacting SUSY particles, or new phenomena such as dark matter or extra

dimensions.

—

Electronvolt (eV): A unit of energy. 1 eV is the energy gain of an electron accelerated by 1 volt

gap.

2 [Physics Case for the 250 GeV Stage of the International Linear Collider| (LCC Physics
Working Group / October, 2017), [The International Linear Collider Machine Staging Report
2017, (Linear Collider Collaboration / October, 2017)

3 [Conclusions on the 250 GeV ILC as a Higgs Factory proposed by the Japanese HEP
community] (Linear Collider Board, 8 November 2017, Rev 1)

4 [ICFA Statement on the ILC Operating at 250 GeV as a Higgs Boson Factory] (Ottawa,

November 2017)
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* The results obtained by the LHC experiments so far indicate that the chance for new
particles and new phenomena to be observed by the end of 2018 during the LHC Phase II
operation is small and that of the three scenarios defined in the Previous Report, scenario
(3) “no new particles or new phenomena are observed at the 13 TeV LHC”, not (1) or (2),
now applies. In response to this result, the international community of elementary particle
physicists has reconsidered the collision energy of the ILC and decided to change it from
500 GeV to 250 GeV, taking into account the significance of precision measurements of the

Higgs boson. Therefore, the content of the Previous Report should be revised accordingly.

Excerpt from the Previous Report 6. (1)-(3)

__________________________________________________________________________________________

6. Possible scenarios following the results obtained at the 13 TeV LHC

A strategic plan of the ILC project based on possible scenarios following the results obtained
at the 13 TeV LHC is as follows;

(1) In case that new particles, such as strongly-interacting supersymmetric particles, are
discovered at the 13 TeV LHC.

Plan: The ILC will clarify the physics principle behind the new particles by means of
precision measurements of the Higgs boson and top quark. If it is indicated that a
strongly-interacting particle is relatively light?, or that it may decay into other new
particles with mass below 250 GeV, ILC will discover these new particles and study

them in detail. If not, a future energy upgrade will be necessary.

Outcome: A big discovery and breakthrough are expected leading to a confirmation of
supersymmetry or composite Higgs models. If a new particle is discovered at the ILC, a

further breakthrough in research is anticipated.

(2) In case that new phenomena not specified in (1), such as dark matter and extra

dimensions, are observed or discovered at the LHC experiments.

Plan: The ILC will study physics beyond the standard model by investigating the new
phenomena discovered at the LHC and by making precision measurements of the

Higgs boson and top quark.

Outcome: A big discovery and breakthrough are expected with the first observation of

dark matter or the hint of extra dimensions.

5 According to a typical supersymmetric theory, the mass of the lightest particle that might be
discovered at the ILC is expected to be less than one seventh of that of the strongly-interacting
supersymmetric particle. However, it should be noted that the theoretical uncertainty is large.
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(3) In case that no new particles or new phenomena are observed at the 13 TeV LHC.

Plan: The ILC will explore physics beyond the standard model, such as supersymmetry or

N

composite Higgs models, by making precision measurements of the Higgs boson and!
top quark. The ILC will search for a class of new particles to which it is sensitive, but |
necessity of a future ILC energy upgrade scenario will be studied by investigating why

the LHC discovers no new particles.

pattern will elucidate the nature and energy scale of physics beyond the standard

model. A big breakthrough is expected if ILC discovers a new particle.
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Outcome: If any deviations from the standard model are observed, their size andi

2. Scientific merit of the 250 GeV ILC

e The international community of elementary particle physicists has decided to change the
collision energy of the ILC from 500 GeV to 250 GeV. They concluded that this change will

reduce the construction cost and better focus the scientific goals of the ILC.
¢  The Previous Report illustrated the scientific merit of the ILC as follows:

(1) Search for physics beyond the standard model by revealing the whole picture of the
Higgs mechanism by detailed studies of the Higgs boson and top quark.

(2) Search for new physics such as supersymmetry, and, if discovered, study it in
detaileds.

(3) Others (dark matter and/or extra dimensions)

¢ Regarding (1), the strongest advantage of experiments at a 250 GeV ILC is the ability to
precisely measure the couplings of the Higgs boson. The Higgs boson may couple to new
particles which interact neither strongly nor electro-magnetically, and is therefore
expected to couple to dark matter particles and any other particles that evade detection
using usual detection techniques. If the precisely measured Higgs couplings are different
from the standard model predictions, the particle-by-particle pattern of deviations will
elucidate the nature of the new physics. This pattern may suggest the future direction of

elementary particle physics. In this way, mysteries of the standard model, such as the

6 If new physics is discovered at the LHC, the capability of the ILC in terms of its energy reach
and the expected precision of its measurements should be examined.
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nature of dark matter and whether the Higgs boson is elementary or composite, might be

elucidated by precision measurements of the Higgs coupling constants.

* In addition to the production cross section of the Higgs particle being at a maximum at
around 250 GeV, the non-observation of new particles at 13 TeV LHC ensures that effective
field theory can be used to extract precision Higgs couplings?, further clarifying the ability

of 250 GeV ILC to make precision Higgs measurements.

¢ On the other hand, reducing the collision energy from 500 GeV to 250 GeV, precludes the
measurement of the triple Higgs coupling (using the reaction in which a Higgs boson
produces two Higgs bosons), which is specified in the Previous Report as an important
physics goal of the ILC project®. Neither can precision measurements of the top quark,
which require a collision energy of 350 GeV, be carried out at the 250 GeV ILCS.

e As for (2), based on the results of LHC experiments obtained by the end of 2017, the
probability for strongly-interacting supersymmetric particles to exist in the mass range
1.5-2.0 TeV is considered to be very low. According to a theoretical argument on the
relation between strongly-interacting and non-strongly-interacting supersymmetric
particles, if the former were discovered at the LHC, the latter could be directly detected at
the 500 GeV ILC. Non-observation of the former particles'® at the LHC suggests that the
discovery potential is now limited at the 500 GeV ILC, and is even smaller at the 250 GeV
ILC.

e In general, experiments at an electron-positron collider are sensitive to particles which are
challenging to detect at proton-proton colliders such as the LHC. The chance to directly
produce new particles the 250 GeV ILC is low, but they can be studied indirectly through

precise measurements of Higgs coupling constants and radiative corrections!!.

7 The total decay width of the Higgs boson, which is an indispensable parameter in measuring
precisely the coupling constants, was considered difficult to determine at the 250 GeV ILC.
However, in the energy range well below the mass of new particles, an approximate calculation
based on effective field theory was found to be applicable to the determination of the total decay
width.

8 If the triple Higgs coupling constant is different from the standard model prediction by an
unexpectedly large amount, the effect could be observed at the 250 GeV ILC by precisely
measuring the coupling constants of the Higgs boson to the Z boson.

9 The improved top quark mass measurement expected at the upgraded LHC (HL-LHC) is
expected to allow us to test the stability of the standard model vacuum. Consequently, the
significance of an ILC energy upgrade to 350 GeV for the precision top quark measurement
may be less compelling.

10 If the LHC discovers strongly-interacting supersymmetric particles, a typical supersymmetry
theory suggests that the mass of the lightest supersymmetric particle will have approximately
one seventh of their mass, although the theoretical uncertainty is not so small.

11 According to the uncertainty principle of quantum mechanics, a system is allowed to be in a
high energy state for an extremely short time. Consequently, the effect of heavy particles can
be studied at low energy by observing rare decays that occurs through an ultra-high energy
intermediate state.
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e Asfor (3), the capability of the ILC to search for dark matter and extra dimensions will not
be significantly reduced at 250 GeV, because these searches are based on indirect
methods!?2 such as measurements of invisible decays of the Higgs boson, mono-photon

events, and radiative corrections to the pair-production of standard model particles.

3. The scenario of the 250 GeV ILC based on the results at the 13 TeV LHC, and related issues

e From the scientific point of view, the scenario of the 250 GeV ILC based on the results of 13
TeV LHC is as follows:
The scenario of the 250 GeV ILC based on the results of 13 TeV LHC (from the

viewpoint of scientific merit)

Plan: Precisely measure coupling constants of the Higgs boson to other elementary
particles, and look for clues to clarify physics beyond the standard model. In
addition, search for dark matter, extra dimensions, etc. mainly by means of

indirect methods.

Outcome: If any deviations from the standard model are observed in the Higgs
couplings, their size and pattern will elucidate the nature and the scale of new
physics. If observed, dark matter and/or extra dimensions will lead to a big
breakthrough.

e  On the other hand, the 13 TeV LHC results suggest that discovery of a new particle
through direct searches is unlikely at the ILC. It should also be noted that the change from
500 GeV to 250 GeV makes it impossible to carry out precision measurements of the top

quark.

*  The scenario above should be evaluated together with the ILC project cost estimate to be

shown by the TDR-validation Working Group.

12 Since the initial state energy is precisely known in electron-positron collisions, the mass of
dark matter particles or particles related to extra dimensions could be determined by
calculating the missing energy and momentum for the visible system of particle(s) emitted in
the opposite direction of these new particles.
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(2) Validation of Cost Estimation and Technical Feasibility
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Validation of Cost Estimation and Technical Feasibility

The TDR-validation WG (hereinafter "TDR WG") has scrutinized the cost estimation method
and technical feasibility described in the Technical Design Report (TDR) of the International
Linear Collider (ILC) project and completed a report (hereinafter "the Previous Report") in March
2015. Based on the Previous Report, the ILC Advisory Panel published a document (hereinafter
"Discussions to Date") in June 2015. The collision energy of the ILC was then set at 500 GeV (giga

electron volt!.)

Since then, the Linear Collider Collaboration (LCC), an international organization of
researchers involved in the ILC, submitted a revised plan23 to the Linear Collider Board (LCB),
an international committee for the promotion of the ILC. The LCB has approved4 the plan and
submitted it to the International Committee for Future Accelerators ICFA). The ICFA endorsed
the revision® and made a public announcement in November 2017. The revised plan proposes a
250 GeV ILC, based on results obtained in the experiments at 13 TeV LHC, together with the
efforts of the LCC toward cost reduction. In response to the revised plan, the Advisory Panel,
which took place in December 2017, reconvene the TDR WG to re-examine the method of cost
estimation and technical feasibility from experts' viewpoint. The TDR WG held five meetings

since January 2018 to revisit the Previous Report and completed this report.

1. Outline of the revised plan of the ILC presented at the TDR WG

1-1. The revised plan proposed by the international community of elementary particle

physicists.

¢  According to the Machine Staging Report2 published by the LCC, the ILC is redefined as a
project carried out in phases. The first phase, including a 250 GeV ILC accelerator and a

tunnel to house it, is called Option A, which is the subject of this reexamination.

¢ The report also defines Option B as a plan with a simple tunnel extension to allow the
collision energy to be increased to 350 GeV in the future and Option C with an extension
for an upgrade up to 500 GeV. The TDR WG will not examine the Option B and C because
the statements issued by the LCB and ICFA propose the 250 GeV ILC as a Higgs factory.

1 Electronvolt (eV) : A unit of energy. 1 eV is the energy gain of an electron accelerated by
one-volt gap. 1eV is equivalent to a mass of 1.782 x 1033 g.

2 The International Linear Collider Machine Staging Report 2017, LCC, October, 2017

3 Physics Case for the 250 GeV Stage of the ILC, LCC Physics WG, October, 2017

4 Conclusion on the 250 GeV ILC as a Higgs Factory proposed by the Japanese HEP community,
LCB, 8th November, 2017, Rev.1

5 ICFA Statement on the ILC Operating at 250 GeV as a Higgs Boson Factory (Ottawa,
November, 2017)
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1-2. Cost reduction based on R&Ds

¢ Option A'is based on Option A incorporating maximal cost reduction anticipated by the

R&Ds for cost reduction either in progress and in preparation.

1-3. Civil engineering and architecture

e The tunnel length is changed from 33.5 km for 500 GeV to 20.5 km for 250 GeV (Option A
and A"). Thickness of a dividing wall at the center of the tunnel is reduced from 3.5 m to 1.5
m in exchange of tighter safety regulation, which limits access to the tunnel during the
accelerator operation. Cross section of the tunnel is reduced from 11 m to 9.5 m in width.

These changes are reported to contribute to a reduction of construction cost.

*  The revision included not only the accelerator but also civil engineering and construction.
A major change is in the access to the interaction point for physics experiments and
detector installation. A horizontal access tunnel at the beam interaction region was
replaced with a vertical shaft and the working efficiency is expected to be improved by

using a crane for the installation of detectors and other equipment.

1-4. Labor cost

* As a consequence of reduced length of the accelerator, the necessary workforce is revisited
and estimated at 17,165 k person-hours, to be compared with 22,892 k person-hours in the
TDR.

2. Cost summary of the revised ILC project presented at the TDR WG

e The construction cost of the revised 250 GeV ILC is estimated at 735.5~803.3 billion-yen
(635.0~702.8 billion-yen for the accelerator and 100.5 billion-yen for the detectors and
related expenditure.) Additional expenses may arise from an inaccuracy in the cost

estimation and the risk factors and unforeseeable technical issues described in Section 3.

e While an inaccuracy of about 25 % of the total construction cost of the accelerator and
detectors is taken into account, it should be noted that the inaccuracy does not include

technical risks nor extension of construction period nor change in market prices.

*  The annual operation cost is estimated at 36.6~39.2 billion-yen. A supplementary cost in a
preparatory phase is estimated at 23.3 billion-yen. An additional cost, such as a

site-specific expenditure, may add up.
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* The contingency, a reserve for unforeseeable expenditure, is estimated at about 10 % of the
project cost (construction of the accelerator and detectors, and the operation.) The cost of

decommissioning is newly estimated to be equivalent to the cost of two years of operation.

Breakdown of the cost presented at the TDR WG is the following.
(Premises)

The ILCU, a virtual currency unit, is used in the cost estimation. Based on the purchasing
power parity (PPP), 1 ILCU is defined as 1 USD as of January 2012. Allowing for an international
bidding, the cost in Japanese yen (JPY) listed below assumes an exchange rates of 1 Euro (EUR) =
115 JPY and 1 USD = 100 JPY.

A range of estimation reflects a recent price rise in the construction business after the
completion of TDR due to the recovery and reconstruction from the Great East Japan Earthquake
and the preparation of Olympics 2020 in Tokyo. The cost of the accelerator construction and
operation may also change depending on the results of the R&D pursuing cost reduction. The
same currency exchange rate is used as in the TDR for a simple comparison. Labor cost, which

was estimated with person-hour, was transformed into JPY.

* A comparison between 500 GeV ILC (original plan) and 250 GeV ILC (revised plan) is

summarized in the appendix.

(1) Accelerator construction Subtotal: 635.0~702.8 billion-yen (ref. TDR)

Civil engineering and architecture 111.0~129.0 billion-yen (Civil Construction)
Accelerator 404.2~454.0 billion-yen (SRF and other acc. utilities etc. )

Labor 119.8 billion-yen (equivalent to 17,165 k person-hours)

(2) Detectors Subtotal: 100.5 billion-yen (ref. TDR)

Detector construction 76.6 billion-yen

Labor 23.9 billion-yen (equivalent to 3,651 k person-hours)

(3) Inaccuracy Subtotal: 25 % of (1) and (2) (ref. TDR)

* Inaccuracy is defined as what arises from uncertainty in the cost estimation, not from

technical risks, delay in schedule and variation of market prices.
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(4) Operating cost 36.6 ~ 39.2 billion-yen/year (ref. TDR)

Utilities and maintenance 29.0 ~ 31.6 billion-yen

Labor 7.6 billion-yen (equivalent to 638 persons per year)

(5) Other expenditures (not specified in TDR)

Expenditure in a preparatory phase 23.3 billion-yen

(Including design, R&D, environmental assessment, training, technology transfer,

management and administration)

Items whose cost have not been estimated in the TDR are; land acquisition, living
environment for overseas researchers, access road, construction waste disposal,
groundwater handling, an energy service enterprise for power transmission® and

substations, low voltage power supplies, infrastructure such as lifeline, computing center.

(6) Contingency About 10 % of the total project cost (the accelerator, detectors and operation?)
(ref. PIPS)

* A reserve fund for unexpected expenditure.

(7) Decommission Equivalent to 2 years of annual operating cost (not specified in TDR)

* Expenditure for decommissioning what have been installed and assembled in the
construction period. Accelerator components are assumed to be re-used, for which storage

facilities on the ground should be prepared.

The construction costs listed above in (1) to (7) have been estimated by the proponents. It
should be noted, however, an additional cost may arise from risk factors and technical issues

listed in Section 3.

3. Risk factors and technical issues

In the Previous Report, various issues have been pointed out on the premise that the technical
issues are resolved and necessary human resources are secured in a 4-year preparatory phase®

prior to the construction.

6 Energy service enterprise is an enterprise to be outsourced to an outside company for facility
construction and operation. Initial and operation cost can be leveled in a long-term basis.

7 (4) (Annual operation cost) x (Years of operation) (More than 20 years is assumed in PIP)

8 Revised ILC Project Implementation Planning, Revision C, LCB, July 2015
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In response to the above comment, KEK completed the KEK-ILC Action Plan (published in
January 2016) as a basis of further consideration of technical issues, organizational structure and
arrangement, and plan for human resource preparation and training. Based on this Plan, KEK
will conduct a detailed study and demonstrate technical feasibility in a 4-year period of
preparation. KEK estimates a cost of the preparatory phase at 23.3 billion-yen including some

overseas contribution.

In not a few areas described in detail below, such as accelerator technologies, tunnel
construction and earthquake countermeasures, the original specification and/or planning should
be modified in the course of construction reflecting up-to-date circumstances. In order to contain a
possible cost-overrun, the proponents have studied various situations and the TDR WG has
scrutinized their study in detail. However, due to the intrinsic nature of the issues, it is difficult
to make a reliable estimation in prior to the construction. Consequently, the estimated values for
those issues are not shown in the following sections. Therefore, we should keep in mind that a

possible large cost-increasing may occur in a certain situation.

3-1. Responses to the Previous Report and new comments to the responses

Although some countermeasures are being devised for the issues pointed out in the Previous
Report, many others have been claimed to require continuing studies in the preparatory period.

The progress and comments presented at the TDR WG are listed below.

3-1-1. Risk in cost estimation

e A US-Japan collaboration is conducting a R&D to pursue cost reduction of the
"superconducting RF cavities focusing on low-cost niobium material"® and "surface

treatment for low-loss and high-gradient cavities."!!

e It is pointed out in the Previous Report that procurement of high-purity and
high-quality niobium in a large amount could be an issue. The quantitative burden has
been mitigated in the revised plan with a reduced number of cavities, 9,000 instead of

18,000. A new manufacturing procedure is under study to make a niobium sheet by

9 KEK-ILC Action Plan defined 3 phase as the project evolves; pre-preparation, main preparation
and construction.

10 Refining cost could be reduced by optimizing the purity and Residual-resistance Ratio (RRR) of
niobium material. In the refining process, some manufacturing processes such as forging,
rolling and mechanical polishing could be eliminated by directly slicing off the cavity disks
from an ingot. This new method is expected to reduce the cost by 1~2 % for the 250 GeV ILC.

11 A new process developed at the Fermi National Accelerator Laboratory. By introducing
nitrogen gas in the heat treatment process of the superconducting cavities, the acceleration
gradient will be increased and the power loss can be reduced. The method, called nitrogen
infusion, is expected to reduce the number of accelerator components, such as cavities, as well
as the cost of refrigerators. In total a cost reduction of 2 ~ 5 % is expected for the 250 GeV ILC.
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direct slicing of an ingot. If this method is proved to be practical, the productivity is
improved. Hence, a realistic projection is anticipated both in quality and cost-saving in

the procurement.

Four items are added to "2. (5) Other Expenditures" whose cost is not estimated in the
TDR, namely construction waste disposal, groundwater handling, an energy service

enterprise for power transmission and substations, and low voltage power supplies.

Preparing for an unexpected situation or cost-increasing, a contingency has been added
to 2. (6), as pointed out in the Previous Report, following an assumption in the PIP (as a
LCB publication) amounting to about 10 % of the construction cost of the accelerator

and detectors plus the operation cost.

Cost of decommission was added to 2. (7) as a new item. According to the estimation by
KEK, the cost is equivalent to the operation cost for 2 years. The accuracy needs to be
improved, and the cost sharing among international partners should be discussed

including a case of cost overrun.

Considering the ILC being a long-running project, an additional cost increase, due to

personnel aging and companies pulling out of the project, should be taken into account.

3-1-2. Technical feasibility

After the Previous Report, the European X-ray Free Electron Laser (E-XFEL), a project
of one tenth scale of the ILC, started user operation in September 2017, demonstrating
the technical feasibility of superconducting accelerator technology. However, the
construction cost calculated at the completion of the accelerator, except for preparation
and commissioning, turned out to exceed the estimation in the E-XFEL TDR by about
10%. The cause of the increase should be investigated and reflected in an improved

estimation to be carried out in the preparatory phase.

As pointed out in the Previous Report, there remain issues on several
components/systems such as beam dumps, positron source, electron source, beam

control and injection/extraction of damping rings, which are not well demonstrated.

Although the change in collision energy from 500 GeV to 250 GeV has relaxed some
technical requirements, increasing the likelihood of a design of the beam dump, all the
technologies underpinning the whole beam dump system should be developed in the
preparatory phase. The required technologies include durability of the window, where
continuous high-power beam pass through, and its maintainability and resistance to

earthquakes.

The helical undulator scheme is adopted as the positron source. It contains some

technologies under development such as the cooling of the target irradiated by the
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gamma rays from the undulator and the replacement method of the activated target.

Technology choice should be done including the consideration of the development cost.

e Since ILC 1s a huge and complex accelerator system and performance to withstand
long-term stable operation is required, it is important to provide prospect of technical

feasibility during the preparation period.

3-1-3. Acquisition of talents for construction, operation and management

e After the Previous Report, a separate working group was launched to investigate the
acquisition of talents and the Advisory Panel has published a report, the Report on the

Human Resource Development in July, 2017.

3-2. Items discussed in detail at the TDR WG

The TDR WG has discussed the following items as well as the issues pointed out in the
Previous Report. Risks have been estimated referring to legal regulations, which will be
applied in case of the construction and operation in Japan, and precedents. A report on

research and analysis carried out by outsourcing was also utilized2.

3-2-1. Civil engineering (Underground structures, experimental hall cavern, and access

tunnel/ vertical shaft, etc.)

e A huge amount of soil/muck will be produced during tunnel excavation. The disposal
method and site of soil/muck should be prepared in an early stage of construction. In
particular, when heavy metals are contained in excavated rock, it is necessary to

consider the disposal method and to consult with related organization.

¢ As the access portal to the tunnel is constructed at the surface of the earth, it has a
great impact on the environment during the construction and operation. Therefore, a
preparatory investigation on the environmental impact in the vicinity of the access
portal and soil/muck disposal site should be carried out prior to the construction. A
countermeasure should also be developed against a collapse of slope and landslide

disaster around the portal site.

¢ Due to the change in the thickness of the separation wall, from 3.5 m to 1.5 m, access to
the RF power supplies for maintenance during beam operation is not allowed. Therefore,

a new procedure should be devised.

12 Research and A8nalysis on Regulations ad Risks for ILC project, Nomura Research Institute,
February 2018.
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3-2-2. Radiation safety

¢ On the assumption that a beam loss is small, a 30cm thick tunnel lining is estimated to
be sufficient to prevent activation of soil and groundwater from the beamline. It is
therefore important to improve reliability of the accelerator, its control system and

beam loss monitors.

¢ Decommissioning process after the completion of experiments has not yet been
considered in detail at this moment, however, a long-term plan for the maintenance and
storage of cavities and experimental apparatus including beam dumps with
radioactivity should be devised. It is essential to gain a full understanding of local

residents by scientific reasoning together with proper waste disposal.

3-2-3. Earthquake countermeasure

e There is no law nor regulation in Japan that stipulates countermeasures for an
underground structure against earthquakes. However, a safety measure, such as the
Building Standards Law, intended for a building on the ground may possibly be applied
to an underground structure, for example, the experimental hall and its surroundings
where visitors may walk around. Even if the safety measure is not applied, it should be
noted that a similar standard may be applied depending on an agreement with the local

authority.

¢ Seismic performance of the underground facilities is secured by applying a guideline
established by the Japan Society of Civil Engineers!3. Taking into account of recent
cases of tunnel damage caused by big earthquakes, reinforcement work is considered to
be done to prevent the damage and peeling off of the lining concrete. These

countermeasures should be securely carried out.

¢ Not all the potential geological problems can be avoided because the ILC tunnel is so
long that the ground is not necessarily a solid and homogeneous bedrock. The facilities
and equipment have a possibility to be located near faults or weak layers and the
groundwater flow rate is possible to change due to earthquakes. Therefore, the detailed
site study is essential and the design of underground structures should be carried out

accordingly.

13- A Guideline for Civil Construction of the ILC Project, Committee on Rock Mechanics, Japan
Society of Civil Engineers, March 20
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The main linac tunnel should be designed to secure stability against earthquake and to
maintain the basic functions such as drainage, ventilation, lighting, passage and

communication at the time of earthquake.

Further detailed studies should be made for the facilities and equipment that have not

yet been concretely studied in the seismic performance.

3-2-4. Mountain Spring water measure

The ground condition may not be well understood prior to tunnel excavation. There is a
risk in the construction cost and period when confronting unexpected phenomena such

as bedrock falling and a large amount of spring water.

In case that the spring water is contaminated by heavy metals, a particular attention
should be paid on additional cost and a plant that locates and isolates the contaminated

water, which is not allowed to be drained as it is, for proper treatment.

The current cost estimation is based on an assumption that the groundwater comes out
uniformly, while the groundwater flow in a granite region might be localized and
subject to temporal variation. There is a risk of additional cost for disposal facilities and

installation.

3-2-5. Environmental impact

The majority of the ILC facilities are built in an underground space and consequently
the range of application of The Environmental Impact Assessment Law is considered to
be limited compared with ground facilities. However, thorough environmental
assessment and explanation to the public should be made along with abiding relevant
laws because the ILC facilities have a great environmental impact during construction

and operation period.

The ILC facilities are assumed to be located in a solid and homogeneous granite bedrock
without any nearby active faults. However, the groundwater flow may change due to
the construction of the underground space and the underground water level may be
lowered in a large area. Therefore, during the construction, the impact of construction
needs to be understood by careful investigation of vegetation and ecology, and water

volume of streams and swamps.

Although an ordinary environmental assessment takes 3 to 5 years, it should be noted

that a longer period is needed in cases due to unexpected issues.

35



‘paaedaid aq p[noys Se13I[I08] 958I0IS YITYM I0j ‘POSN-ad oq [[I4 sjuauodwod J0JBIO[E00y  [UOIFBWIISE MON]

“uo1yBIedo Jo 8188 g 01 Jus[BAINDH mﬂmﬂommmmaaoomﬂﬁv

sIvok EOSN&OQO X 1500 :OSN&OQO [enuue,, .m&ﬂumﬁﬁngw ﬁwuomgxmﬁ:ﬂ J0J punj aAIosoYy HﬁOwuNEﬂ-wm BQZH

(dId oI) (yuoryersdo+s1039938p+I0eI8[899R€) 3500 309[01d JO %0T INOqY huﬂmwﬂmuﬂooav

193u90 Surndurod ‘OUI[RJI[ SB Yons aInjonIjsed ﬁ:.
Addns 23B10A MO[ ‘SUOTIRISUNS pUB UOISSTWISURI) Jomod ‘[esodstp fojem Jurids pue 91se |\ + = HOH % 1 HonBSEGUL
. o . . ‘PBOI SS90 ‘SI9YIIBISAL SBISIOAO 10J JUSWUOIIAUS SUTAT[ ‘UOTYISINbOE puel:

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| Fl

PperewSs J0N PporewISs J0N PperewSs J0N pajewss J0N ML Ul POJEWIISS JON

[uorjewyse maN]

(3800 J0QB[ SUIPN[OUL ‘UOJBI}STUIWPE PUE JUSWSSBUBW
‘Iojsuer) A3070Uyoe) ‘SUTUTEI) ‘JUOWSSOSSE [BIUSWUOIIAUY ‘(R ‘USTSO(])

UaA-UoT[Iq €€ UaA-UoT[Iq €€

Q@%.ﬁoﬂﬁﬂ (S A [uonyewryso maN] (POJBWITISO JON

1500 A10yeredaiq

(4L Ut 3ou) seinjrpuedxa I8y3(Q (S)

U94.UoT[[Iq 9'L

U94.UoT[[Iq 9'L

uoL.uot([Iq 9°L

UoL-uoI[[iq 1°0T

Joqer]

U9A-UOI[[I] 065

uak-uorq 9°1¢

ue£-uot[[iq 9'TE~0"63

Uo£-UoI[[1q 068

90URUSIUTEW PUEB SOTI[IITU()

UA-UOI[[Iq 9°9¢ UQA-UOI[[Iq g 6L UaL-UOI[[Iq G 6E~9°9E uoA-UOT[[lq T'6¥ 7 [posmaaa] (YAl Fo1) uoryeradQ(y)
*001ad J03[IeW UT 9SUBYD PUE PoLad UOTJONISUOD JO UOTSUS)XD
‘SY[STI [EDIUY9) OIE POPN[OUL JOU ST JEYA\ ‘POPNOUL ST UOIJEUITISD 1500 9} UL KOBINODEUL 93 ATU() :A0BIMIIBUT 3%

(8)+(T) JO %SG Moqy (8)+(T) JO %SG Moqy (B)+(T) J° %9% Moqy (8)+(T) 30 %g5 Moqy 7 [e8ueyd ON] (YA FOI) £3urelradur)(g)
U0 £.UOT[[Iq 6°€5 U9L.UOT[[Iq 6°€5 ue£-uot[[iq 6°¢3 ue£-uol[[iq 6°¢3 1oqer]
UA-UOI[[Iq 9°9/, ueA-UoI[[Iq 9°9), Uo£-UoI[[1q 9°'9), Uo£-UoI[[1q 9°9/ UOTIONIISUO0D 1030939(]

UA-UOI[[Iq G'00T uaK.uor[[Iq 00T ueA-uoI[[iq G'00T ueA-UoT[[Iq G'00T 7 [e8ueys oN] (AL ‘JoI) s2IN}IpuUadxa POJE[SL PUE 81030933 ([(3)
woA-UoT[[Iq 8'6TT uaA-uotT[[Iq 8'6TT ue£-uot[[iq 8'6TT usk | Ue4L-UoIIIq 8'6GT Toqe]
uoA-uot[Iq 7 FOF uoA-uot[[Iq 0P Sy UOAUOTIY 0PGP~BFOV | | gepe |UOAUONI60L0 7 — UO1PNIISU0D 10YBID[OY
uak-uor([iq 0'63T~0'T11T uak-uoN[Iq 0'6GT~0TTT  |U0A-UOIIq 0'63T~0TTT J | ~CSts |uek-uorq 0’091 J | uokuollN 6 088 AIISUOO pUE SULIDIULIUS [IAT)

UOA.UOI([Iq 0'EG9~0'GE9

U0L-UOT[[Iq §'G0L~8 789

U2A-UoI[[1q 8'Z0L~0GE9

[posmAer] (YL Fo%) I0¥EIS[E99V(T)

36

ueA-uor([iq 1066 7

‘peppe oq Aew 310del o3 JO ¢ UOIFOAS O3 UL PALIISOP SWIL PUEB ADBINIOBUL WOIJ SUISLIE 1S00 [BUOTIIPPE UV (€)

$1030930p pue
S1039919(1 (¢)  ro7esIA[E0R )] O JO UOTJINIISUO))

J03BIB[ODY (1)

uoA-UOI[[Iq G'8GL~GGEL uak-uoI[[iq §°E08~€'G8L  [uek-uor[[iq £'¢08~G'GEL uok-UuoT[[Iq 5’ 160°T

330do1 YM - L STY} UL ‘g UOTID0Q 9Y) UL POLIISOP SINSST [BITUYID) PUB §10308] NSLI oY) Aq posneo L[qissod FSLI 1500 [BUOTIIPPE 0} U0Tjus))e Ked 0} A1eSS9I9U 9q PINOYS 9]
"Ayrunwwod Yaaessel oYy Aq pajrodal ATeUIUINS E ST (1) 03 (T) UL MO[aq PIISI] SFBUITISS-1800 YT 3%

( @Y uomonpal 350>
WOy s3sed peyerodiodur)

( £1030e] S3ITY E se
011 A®D0S3)

v uondQ

HM IAL °Y? ye pejussaad

UOT}BWI)Sd S0 (uerd [eursLIo)

O'II A2D008

v uonndo

(uwerd pastada)) Tl A9D0GS
Surresat] ay3 98 pajussaxd JrI] A2H0GE PUB JII APD00S 10 3509 99afoxd YT oY,

1 xtpuaddy
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Validation of Human Resource Development

To identify human resource—related issues for realizing the ILC, the working group examined
the human resources as well as the situations inside and outside of Japan with regard to large
accelerator facilities. Additionally, the plan to secure and develop the human resources necessary
to construct and operate the ILC was verified. The results of these discussions are described in

the following sections.

1. Summary of the discussions of the Human Resource Securing and Developing Working Group

Estimated human resources required for the accelerator construction as summarized in the
TDR are:

* The construction phase is expected to last 9 years. The average number of personnel
required to construct the facility is 830 per year, while that for equipment installation is

378*. (The appendix provides a detailed breakdown of the estimated human resources.)
* This number is averaged over 7 years beginning in the third year.

* Personnel required to construct the facility will be employed directly by the project
implementing body of the ILC (including subcontracted workers). Such personnel will be
responsible for designing the accelerator and its components, supervising production,
assessing the performance of delivered components, and assembling/adjusting the
accelerator. Personnel required for equipment installation will engage in transporting from

the ground to the accelerator tunnel and installing accelerator components.

* It is assumed in the TDR that major research institutes for elementary particle and
nuclear physics around the world will collaborate and provide human resources with an

appropriately balanced distribution.

¢ The study* conducted after the submission of the TDR estimated that the preparation
phase would occur in the four years prior to the construction phase and that 282 core
members (34% of the annual average of 830 persons required to construct of the ILC)

should be trained during the four-year preparation phase.

* A detailed discussion can be found in the KEK-ILC Action Plan, which was reviewed
mainly by the High Energy Accelerator Research Organization (KEK) and published in
January 2016 and addendum issued in January 2018.

2. Current situation for securing and developing human resources for large accelerator projects

2-1. Situation in Japan
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2-1-1. Universities and Research Institutes

In Japan, human resources required to construct and operate large accelerators

traditionally have become proficient by on-the-job training (OJT).

For example, many scientists/engineers were trained during the KEK-PS (Proton
Synchrotron) construction in the 1970’s and the TRISTAN (Transposable Ring
Intersecting Storage Accelerator in Nippon) construction in the 1980’s. These
scientists/engineers gained valuable experience in conceptual and technical design,
manufacturing, assembly, construction, and operational tests of accelerator
components, coordination with relevant organizations and factories, and supervision of
all procedures as an integrated system. Since then, these experienced
scientists/engineers have played a crucial role in promoting accelerator science through

their contributions in large accelerator projects.

However, OJT to train young scientists/engineers is decreasing as opportunities to
experience constructions of large-scale accelerator are diminishing. This is partly
because each project itself has become relatively longer term and larger scale resulted

from advancement of accelerator science.

Consequently, there are growing concerns about the depletion of human resources to
supervise an entire accelerator as an integrated system because operations and
upgrades of existing facilities do not provide sufficient opportunities for young
scientists/engineers to gain experience in global management of a large-scale

accelerator system.

Moreover, the number of laboratories at universities specializing in accelerator science
is decreasing. Although there is a career path where young researchers in relevant
fields such as elementary particle and nuclear physics experiments are recruited and
trained as accelerator science specialists, personnel exchanges between accelerator

science and other fields with similar technical skills have yet to be fully realized.

2-1-2. Industry

Accelerator construction requires diverse technologies such as electromagnetic field
analysis, radio frequency engineering, structural and mechanical analysis, thermal
insulation design, precision machining, surface treatment technology, high cleanliness
welding, and precision installation and alignment. Accelerator projects are a valuable
opportunity for industry to develop human resources responsible for large-scale

construction since very few project are likely to employ such a variety of technologies.

Some of the accelerator components themselves are objects of research. Close

communication between industry engineers and researchers should realize quality
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manufacturing. Hence, it is important for industry to train engineers to work directly
on technology development and performance tests in conjunction with researchers from

the prototype phase.

* In order to fully adapt to large-scale projects like the ILL.C, human resources should be
trained systematically with an adequate preparation period and a clear vision of the

project.

* To recruit and train industry engineers who can lead accelerator construction, it is
important to clarify the prospects for the project, including the schedule of each
construction procedure. This will enable companies to develop long-range plans for

securing and retaining human resources during and after the project.

e Flexible redeployment of engineers among relevant technical fields should be carried
out to cope with the peak period of accelerator construction since the number of

industry engineers specializing in accelerator engineering is limited.

e Because Japan’s plan for future large accelerator projects is currently unclear,
Japanese industry is making efforts to strengthen its international competitiveness by
maintaining skilled engineers/technicians and developing advanced technologies
through participation in accelerator projects outside of Japan. In addition, Japanese
industry strives to maintain its pool of engineers by constantly hiring new
engineers/technicians, if at all possible, to avoid a generation gap in technology

handovers.

e Accelerator construction requires many specific materials and components compared to
other industrial products. Productivity in mass production should improve as both the
manufacturing efficiency and quality control advance through greater ingenuity. For
this reason, a large number of designers will not be necessary once the mass production
line is established, but a considerable number of engineers is required to investigate
and resolve unexpected problems in quality control, cost management, and

manufacturing procedures.

2-2. International situation

e Similar to the case in Japan, skilled scientists/engineers are trained by OJT in Europe,
the United States, and other countries, but the mobility of human resources is higher
than in Japan. In these countries, human resources are actively exchanged between

public and private sectors as well as different research fields.

*  For these reasons, skilled scientists/engineers for ongoing projects are properly trained

and secured in foreign countries. However, a clear vision is necessary to ensure the
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availability of additional human resources if a new large-scale project is started under

international collaboration.

At the European Organization for Nuclear Research (CERN), there are two types of
regular employees: fixed-term staff (five-year term) and permanent staff. Less than half
of the fixed-term staff are promoted to permanent core staff at the end of their terms.
Furthermore, during the construction period of the Large Hadron Collider (LHC),
CERN introduced a system called “Project Associates”, where staff from other institutes

participated in a project in cooperation with the researchers and engineers of CERN.

CERN staff dispatched from other relevant institutes are expected to return to their
original institutes upon completion of their term at CERN. This requirement is
stipulated in their contracts. CERN is not responsible for their next career positions.
Since many of the fixed-term staff members of CERN are engineers and applied
scientists in various research and technical fields, there are many opportunities with
other international organizations after leaving CERN. Thus, this type of employment

system does not cause specific problems.

2-3. Relationship to the ILC

A significant amount of human resources must be engaged domestically and
internationally when a large-scale international cooperation project like the ILC is
undertaken. Therefore, the introduction of a new employment system to attract human
resources internationally is essential. The ILC should refer to CERN’s employment
system of “Project Associates” since the system functioned extremely well during the
LHC construction at CERN.

Although the estimated annual amount of human resources for the ILC construction is
about 830 on average, it will reach 1,200 during the peak construction period. A system
capable of handling the maximum number of the required laborers should be
established.

Currently, human resources in Japan are managed for securing research and
development of advanced accelerator components, and maintaining existing facilities
and equipment. However, it is likely that the available human resources in Japan will

be in short supply when the ILC is in the construction phase.

The first half of the ILC construction phase is the important term for the technological
development of the accelerator as the number of elements for development decreases as
the construction progresses. It should be noted that the required number and types of

personnel varies according to the construction phase.
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*  Continuously securing and developing skilled personnel is necessary to execute
accelerator projects sequentially in Japan. Regardless if the ILC project is implemented,

strengthening the base of human resources in accelerator science is critical.

e It is traditional in Japan for a small number of accelerator experts to carry out their
assigned responsibilities while simultaneously cooperating with one another for other
mutual tasks. On the other hand, some foreign institutes manage entire projects by
assigning highly professional engineers as managers to lead projects. A novel system
integrating these two styles should be sought when an international cooperation project
like the ILC is launched in Japan.

*  Furthermore, a system of multilayered management should be organized to monitor
and control the technological development, engineering processes, and the progress of
the entire system because the management needs to be very sophisticated as the project
is scaled up. Therefore, securing trained core managers for each individual layer should

be considered.

3. Future issues and near-term action plan
3-1. Development of human resources in Japan

e Itis clear that the quantity and quality of the current pool of available human resources in
Japan 1s insufficient to handle a large-scale project like the ILC. Skilled
scientists/engineers should be trained and secured in a strategic manner based on an

international agreement in order to share the necessary manpower.

e It is necessary to train and secure experts capable of managing large-scale projects,
especially if Japan takes a leading role in the ILC. It is also important to establish a risk
management procedure to review and conduct the necessary actions based on risk analysis

in reference to various experiences integrated in the LHC construction and operation.

¢ The required amount of human resources increases temporarily during a large-scale
project such as the ILC. However, these demands are not permanent, and potential career
paths (not only domestically but also internationally) for trained and skilled scientists and

engineers after the construction phase must be taken into consideration.

e It is desirable to train and secure accelerator experts who thoroughly understand the
entire accelerator system and can develop a flexible framework that adapts to the dynamic
changes in the demand for human resources by employing highly qualified engineers in

each technical area.

e Existing facilities have ongoing renovations and significant upgrades of accelerator

equipment. These projects provide great opportunities to train young scientists/engineers.

43



3-2.

Additionally, when a new accelerator is constructed in Japan, the training of young
scientists/engineers during the construction should be a national commitment. It is
important to involve the younger generation in the management of the whole system so

that they can play leading roles in future projects.

Furthermore, an accelerator facility network to enhance the exchange of human resources
should be considered. Such a network should be designed to intensively provide human
resources for a new accelerator under construction in such a way that many
scientists/engineers can gain valuable experience. As an example, the cross appointment
at two institutes should be utilized as well as existing employment schemes, such as joint
affiliation, in order for talented personnel to take responsibility in the project as a member

of the organization promoting the new accelerator project.

It is also important to consider sending young scientists/engineers to foreign accelerator
institutes when they execute new construction or upgrades using the aforementioned

network. This should help cultivate talent with practical experience.

Moreover, intensive communication should be promoted among scientists/engineers in
different fields whose expertise is required to construct the accelerator system. This will
widen the sources of human resources and help establish a management organization
where various expert scientists/engineers with accelerator experience work together. It
should also be noted that retiring experts with experience promoting large-scale
accelerator projects can contribute to the future project by transferring their expertise and

technology to younger engineers through collaborative work.

To train scientists/engineers involved exclusively in each project such as the ILC, the
target recruitment plan will be settled when the concrete schedule of the project is
determined. However, realizable human resource development issues should be addressed
promptly as this will help consolidate the foundation of human resources and continuously

promote future accelerator projects in Japan.

Human resources from abroad

It is assumed that there will be close negotiations with partner institutes abroad in order
to share the human resources required for the ILC project. It is important to accommodate
the human resources provided by these institutes. To develop feasible resource sharing
plans, the availability of such human resources and assignment duration should be taken

into account.

Furthermore, if many non-Japanese scientists/engineers are to be involved, consideration
in cooperation with local communities should be given to establish a comprehensive

supportive environment for housing, daily life with family members, and coordination of
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salary and working conditions, especially considering the disparity in such conditions

between Japan and their home countries.
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(4) Validation of Organization and Management
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Validation of Organization and Management

This latest working group reviews the organizational and managerial aspects of the
international institution which researchers plan to establish for the ILC project as well as
surrounding infrastructure and environment. It also studies what would be a suitable domestic

organizational structure should the collider be built in Japan.

1. Researcher community reports to working group
1-1. Organization and management of an international laboratory
The Linear Collider Board (LCB), an international organization set up to promote linear
collider projects such as the ILC, published the following report on the organizational
structure and management of an international laboratory for the ILC project:
1) Revised ILC Project Implementation Planning (PIP) Revision C (July 2015, LCB)

This PIP is supplemented by the following two documents, which cover preparatory
work to do before the start of the project:
2) Project Design Guideline toward ILC (PDG) (Sept. 2012, ILCSC*)
* JLCSC, the International Linear Collider Steering Committee
(LCB’s predecessor)
3) KEK-ILC Action Plan (Jan. 2016, KEK*)
* High Energy Accelerator Research Organization
The overall schedule of the ILC project, the organizational structure, and management

at each stage of the project assumed in the above reports are as follows:

Overall schedule
1) A pre-laboratory organization (pre-lab) will be established based on agreements with
the approval of the respective governments among participating institutions to finalize
engineering design and segregate duties among participating entities for the first four
years. This pre-lab is then to be succeeded by 2) the ILC Laboratory, a treaty organization
responsible for the some nine years of construction*. After this, 3) an international
collaboration group will run experiments for two decades or more.
* The PIP specifies an eight-year construction period, but Global Design Effort’s
technical design report (TDR) assumes nine years, including tunnel boring and
adjustments, followed by a one-year commissioning period for the accelerator.

Gathering of experimental data would begin in the 11th year.

1-1-1. Pre-lab
+  The PDG looks at five different models (M1 to M5) of organizational and managerial
structures for the ILC preparatory organization from the perspectives of legal basis,

employment pattern, and procurement. While many details still need to be sorted out,
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the PDG recommends starting with M4, a model based on agreements among
participating institutions, then to transition to M3 or M5, a multi-national research

institution based on an international treaty.

M1: A treaty-based organization. The employment and procurement are financed by
in-cash contributions from participating entities (CERN* type)

* CERN: European Organization for Nuclear Research
M2: A limited liability company financed by a combination of in-cash and in-kind*
contributions (European XFELT type).

* in-kind: including labor

+ XFEL: X-ray Free Electron Laser
Ma3: A treaty-based organization. Materials are supplied in-kind and core organizational
staff are employed by a common fund (ITER* type).

* ITER: International Thermonuclear Experimental Reactor
M4: An organization based on agreements concluded among participating institutions,

which supply materials in-kind and second human resources, as in multi-national

research institutions.

Mb5: A treaty-based organization evolved from M4 with a strong legal basis.

Figure: Conceptual view of the ILC organization transition

....................

Seconded

Employment

Direct

Legal basis

Source: PDG

In the event Japan hosts the ILC, the KEK-ILC Action Plan recommends establishing

a pre-lab based on agreements among participating institutions, with headquarters
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located at the KEK, then finalizing design and segregating duties among
participating entities within four years.

The KEK-ILC Action Plan estimates the number of personnel on the pre-lab to be
about 200, of which 20% to 40% are expected to come from overseas institutions. The
pre-lab will have to provide training for the employees to build up their capacity for
project management, quality control, performance evaluation as well as the

technology verification necessary for mass-production of superconducting cavities.

1-1-2. ILC Laboratory

The PIP assumes the following regarding the organization and management of the
ILC Laboratory (composed of about 830 members*):
* The required number of personnel during the ILC’s construction period is

estimated in the TDR, and the average is 830 per year.

[Legal basis]
- The following terms are to be stipulated in an international treaty:
exemption from VAT, import tariffs, and similar privileges;
the rights and obligations of the host state;
decommissioning procedures and responsibilities.
- The treaty prohibits withdrawal of member states for 10 years, assuming nine
years of construction and 20 years of operation, and requires two years notice of

withdrawal beginning the 11tk year.

[Top management]

- The ILC Laboratory Council, the ultimate decision-making body composed of two
official delegates from each member state, decides by a simple majority vote
except for financial agenda items, which are decided by a qualified majority vote
depending on financial contribution. Council delegates must be of sufficient
standing in their respective governments to facilitate prompt decisions.

- The council appoints the director-general after a full and open search and
delegates to him/her significant authority and responsibility for the management
of the ILC Laboratory.

- The ILC Laboratory Directorate, selected by the council, executes financial and

administrative affairs under the director-general.

[Project management]

- The ILC Laboratory Central Project Team is responsible for the accelerator’s
design, one that is compatible with the selected construction site, and
specifications for equipment contributed in-kind by participating countries.

- Participating countries are responsible for cost containment and the delivery on

schedule of its in-kind contributions.
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[Management of accelerator construction]

- A hub laboratory in each region coordinates the construction of the accelerator
and its components, divided among international partners as per their in-kind
contributions, based on contracts with corporations selected through a bidding
process.

- Contractors are responsible for the product on a build-to-print basis, based on the
specifications and fabrication drawings indicated in the contract. The product
must pass an international standard inspection at delivery.

- The hub laboratory, or a consortium of collaborating institutes, guarantees the
performance of the product by conducting a comprehensive test of the electric
field gradient, the cavity’s resonance characteristics, and other prominent
product features.

- The hub laboratory can produce prototypes and verify technology. It is expected
to mitigate risk for vendors by transferring technology and data after
establishing a manufacturing process.

- The ILC Laboratory serves as a central hub connecting hub laboratories and

supervises the entire supply chain.

Figure: International procurement of ILC components

ILC Laboratory
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Keystone of Hub Labs. -
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Specifications & Drawings
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Hub Lab.

Regional
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Hub Lab.

Hub Lah.

Regional

Basics
B : Hub Lab. — — — - link between Hub Labs.
*  Share procurement in regions Procurement
. Market should be worldwide man ':IEE!‘I‘JEHL # - Procurement line
*  Industry responsible for Performance test

production
*  |aboratories responsible for

the product performance

Source: PIP
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[Cost sharing]

- The host state is basically responsible for land acquisition, civil construction
works including the tunnel, and infrastructure development. Member states
make in-kind contributions for the accelerator and detectors.

- A contingency (about 10% of the total project cost) is required to deal with
unforeseen events, and a common fund is required to pay for some items such as
the experimental hall, which cannot be shared through in-kind contributions. The
ILC Laboratory requests member states to provide in-cash contributions and
manages them.

- In addition to the costs listed above, assuming that the host state will also wish to
have a share not smaller than other major contributing states in the provision of
technologically advanced items such as superconducting radio frequency
technology, a total host state contribution of approximately 50%* seems likely.

* It is noted in the “Conclusions on the 250 GeV ILC as a Higgs Factory
proposed by the Japanese HEP community” reported by LCB in November
2017 that in recent examples of similar international projects, the host
country made the majority contribution.

- As for operational costs, three possible scenarios and their combinations are
under study as a model of cost sharing:

i) in proportion to the capital contributions of the partners;

ii) in proportion to the capital contributions of the partners excluding the civil
construction, land purchase costs, and infrastructure development;

iii) in proportion to the number of PhD experimental scientists employed by each

country and taking apart in the activities of the ILC Laboratory.

1-1-3. International collaboration group

In the PIP, two detectors designed for the ILC, ILD (International Large Detector)
and SiD (Silicon Detector), are being advanced by two international teams. Each
design team is expected to evolve into an experimental collaboration when the ILC
project is approved.

The ILC Laboratory will operate the mechanism to evaluate submitted proposals and
to oversee the progress of approved experiments. It is a common practice of the
existing accelerator laboratories to organize relevant committees for this purpose,
such as a Program Advisory Committee (PAC).

Participation in the collaboration will be open to the entire world community, as for
existing collaboration, such as those for LHC. Physicists from countries that do not
participate in the construction of the accelerator may join experiments.

ILC detector collaboration will be self-organizing and governing. The financial
support of each collaboration should be sought, in principle, by the participating
members of the collaboration from individual funding agencies. It is not expected that

the ILC Laboratory will make direct contributions to the detector components except
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for supply infrastructure that is common to both detectors and also staff to help with

assembly and integration work.

1-2. Living environment and social infrastructure
The general requirements for living environment and social infrastructure around the
ILC site, independent of the actual site, is discussed in the following report and in the PIP.
«  Report on the Siting of the ILC Project (Siting Report) (Feb. 2014, KEK, Nomura
Research Institute and Fukuyama Consultants)
An outline of the surrounding environment assumed in these two documents is described

below.

1-2-1. Demographics

+  The PIP assumes a total population of researchers, laboratory employees and their
families of about 10,000, the size of a small town.

+  The Siting Report estimates for different points along the timeline the ILC population
living near the site -- including researchers, engineers, office staff, construction
workers, maintenance staff, and their families, assuming Japan hosts the ILC

Laboratory, as in the table below.

Table: Estimated population around the ILC site

Construction period Operation period
1st year Tth year 11th year | 20th year
Researchers, engineers and office staff 75 1,978 1,825 2,335
Construction workers and maintenance
1,958 1,994 270 270
staff
Associated family members 118 1,970 1,991 2,637
Total 2,151 5,942 4,086 5,142

Source: Revised by KEK based on Siting Report
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Figure: Population changes related to the ILC project around the ILC site
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Source: Revised by KEK based on Siting Report

1-2-2. Living environment and social infrastructure

The PIP summarizes the requirements for living environment and social

infrastructure as below.

[Living environment]

- Conventional utilities and services need to be available to the researcher
community, such as job opportunities, basic amenities, housing, and recreation
facilities.

- It is also indispensable to establish a high-grade multi-lingual kindergarten and
elementary schools for the children of ILC Laboratory staff.

- For short-term visitors, immigration procedures should be simple, such as
multi-entry visas, and on-site lodging, hotel and guest houses will be needed.

- Basic security and health care infrastructure, such as fire and disaster

prevention, emergency medical service, and hospitals, should be secured.
[Social infrastructure]

- Very high-bandwidth network connections to every country/institution

participating in the ILC project is needed.
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- Conventional support utilities (electrical power, industrial cooling water supplies,
sanitary and waste disposal systems, and fuel resources such as oil and natural
gas) should be available.

- Access routes, roads, and rail, capable of bearing loads as heavy as 70 metric tons
should be available from a port to the site.

+  The Siting Report lists the requirements for living environment (housing, childcare,
education, medical care, health insurance, livelihood support, finance, transportation,
shopping, food, culture, recreation, visas, residence status, and employment) and the
requirements for social infrastructure (wide-area transportation, information
networks, and supply processing infrastructure), should Japan host the ILC
(Appendix 1).

*  Morioka City used the Siting Report to study the construction costs for the central
campus and housing for the researchers and their families, as shown in the table

below.

Table: Additional costs derived by 500GeV ILC plan that go into ILC construction

Construction | Remarks
Cost (billion
JPY)
ILC Central Campus 60.2 | Spending on the ILC Central Campus site (high-rise
Construction architecture: 31.7ha, not including the site cost)
Spending on the building of facilities on the ILC Central
Campus (including research administration, experiment
facilities, on-site dormitory, service facilities; total floor
area’ 120,000m?)
Housing for Researchers 65.2 | Spending on the building of 1,917 homes off campus
(off campus)
Total 125.4

Source: Report on the Influence of the ILC Project (Influence Report)
(Mar. 2015, Nomura Research Institute and Fukuyama Consultants)
Notes;
- This estimate does not presume any particular location in Japan
- The cost of ILC Central Campus construction (60.2 billion JPY) overlaps partially with
the initial cost estimate for the Central Campus construction described in the TDR.
Thus this is not necessarily required in addition to the ILC construction cost.
- The estimated cost of housing for researchers (65.2 billion JPY) assumes all required
off-campus housing is newly constructed.
- The construction cost may be reduced by the revised 250GV ILC plan. Private-sector

vitality should be brought into perspective also.
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2. Reviews of international research body’s organization and management

Sections 2, 3 and 4 review the organizational structure and management of an

international laboratory, its living environment and social infrastructure described in the

previous section. They also review and summarize the implementation structure for hosting

such an international laboratory in Japan in the event that the ILC is hosted in Japan.

2-1. Organization and management of pre-lab

In the KEK-ILC Action Plan, it is assumed that the headquarters of the pre-lab is
located at KEK, in the event Japan hosts the ILC. It should be noted that the timing and
range of relocating resources from KEK’s on-going research program to the pre-lab must
be carefully determined based on discussions not only with the relevant research groups
but also with the international research community. The relocation should not
negatively affect on-going research programs at KEK.

The KEK-ILC Action Plan assumes that the pre-lab consists of 200 accelerator experts,
and therefore a significant number of accelerator researchers who must be newly trained.
These personnel should be employed according to a well-organized plan. It is effective to
train them at accelerator facilities in operation, such as the SuperKEKB
(electron-positron circular collider operated by the KEK) and J-PARC (Japan Proton
Accelerator Research Complex, run jointly by KEK and JAEA — Japan Atomic Energy
Agency), in order to take advantage of the experience of researchers at these facilities.
Industrial partners responsible for production also need to convene engineers and
technical staff with professional knowledge and skill. They could be temporarily
relocated to the pre-lab and collaborate with the researchers there for training. This
would provide useful methods to supplement the human resources of the pre-lab.
Administrative functions of the pre-lab should be reinforced to satisfy of requirements of
the international organizations, in terms of, for example, multi-lingual readiness, public
relations, intellectual property management, export-import operations, and technology

transfer.

2-2. Organization and management of the ILC Laboratory
2-2-1. Legal basis

It makes sense that the PIP recommends establishing and running an international
treaty organization as the ILC Laboratory because the ILC is a facility that requires a
long-term commitment from multi-national partners, particularly in terms of funding.

A framework for negotiating the authority sharing among states in accordance with
their responsibilities will be necessary since each country will contribute a share to the
large facility and enormous assets of the ILC. A treaty-based framework will facilitate

this process.
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An international treaty organization, in which participating entities are responsible for
the execution of the terms of a strongly binding agreement, also deters them from
withdrawing midway, leading hopefully to sustainable operation.

On the other hand, reaching consensus on an international treaty organization may
require protracted negotiations.

An alternative international agreement other than a treaty should be devised in order to
avoid an impasse that might be brought about by a participating entity due to domestic
constraints. A legally binding instrument would still be effective in avoiding possible
conflicts.

The United Nations University is an example of an international treaty organization
that could work should Japan host the ILC. Articles in its agreement (Agreement
regarding the Headquarters of the United Nations University) stipulate, for example,
tax exemptions, privileges for the officers and staff members, making it a useful
reference for an ILC agreement.

Another useful reference is found in the ITER Agreement (Agreement on the
Establishment of the ITER International Fusion Energy Organization for the Joint
Implementation of the ITER Project) concerning the process and responsibility of

participants up through to the end of the project as stipulated in the PIP.

2-2-2. Top management (executive board) and project management

The PIP assumes the ILC Laboratory is to be established as a new international
organization. Thus, full-time employees should be recruited to facilitate prompt
decision-making and operations.

Staff members capable of working in an international organization should be newly
recruited. Difficulty relating to starting up a new research institute is recognized as one
of the reasons why the Superconducting Super Collider (SSC) in the US failed. The
lessons from the SSC project suggest to consider reducing the risk of project failure by
its structure, for example, restructuring an existing institute.

The top management (executive board) assumed in the PIP is reasonable which reflects
experience gained in international research organizations in different research fields
such as the ITER in addition to high-energy physics laboratories like CERN. Assigning
internationally recognized researchers with high management skills as top managers
(executive board) will be important to secure effective management.

Project management as described in the PIP entails the central project team that serves
as an engine to lead the project by, for example, managing the resources both in-cash
and in-kind contributed by participating entities. The team should be reinforced by
inviting high-profile talent with sufficient experience organizing production; controlling
quality and reliability; and distributing the budget, as well as managing research
project(s).

In establishing an international organization, its organizational structure and personnel

appointments are two sides of the same coin. In the event that Japan hosts the ILC, a
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domestic leadership training program should be laid out in order to enhance Japan’s
presence as the host state, in addition to securing experienced international
management resources®.

* Refer to Report on Measure to Secure and Develop Human Resources for the

International Linear Collider published in July 2016 by ILC-AP.

A good lesson on human capital development can be learned from the Atacama Large
Millimeter/Submillimeter Array(ALMA). The presence of Japan has been appreciated in
the ALMA thanks to Japan’s commitment in every aspect of the project, including
budget, personnel, security, public relations and labor management; taking risks even in

difficult situations.

2-2-3. Accelerator manufacturing framework and cost sharing

If equipment fabrication is shared among participating entities in accordance with their
in-kind contributions, as assumed in the PIP, local industry could receive contracts
according that country’s fractional contribution. Contingency risks could thus be spread
among participating entities.

Despite the above advantage, in-kind contributions risk schedule delays and cost
overruns due to the complexity of production management when considering the budget
and progress in each country/region and the interfaces among components provided by
other countries.

Consequently, there remains a risk that the sharing of responsibility is not clearly
defined, because overall specifications are being decided primarily by the ILC
Laboratory, while the cost and delivery of in-kind contributions are being decided by
each hub laboratory.

In fact, a serious conflict broke out between the ITER Organization and participating
institutes in 7 members (the European Union, Japan, the US, Russia, China, Korea, and
India), concerning inter-apparatus interfaces and process control together with various
other managerial issues. This conflict led to further delay and a cost overrun.

Even when a hub laboratory cannot solve a problem alone, the project schedule should
be maintained within the budget by having the ILC Laboratory coordinate among the
hub laboratories, and by having the hub laboratories manufacture at its discretion
within the range of its delegated authority. For this to work out well, clarifying the rules
to modify specifications and the authority of the ILC Laboratory and each individual hub
laboratory will be essential.

The PIP proposes that both the contingency and the common fund should be provided by
in-cash contribution. Lessons learned from other international projects listed below
include the importance of setting the right size of contingency fund to deal with various

unforeseen circumstances even for problems related to in-kind contributions.
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[CERN]

This institute, operated by in-cash contribution from member states, is able to take
prompt action against risk and to reduce cost by implementing a centralized budget.
Making available a long-range budget outlook enables the levelling out of budgetary

changes during construction and coping with unforeseen circumstances.

[ITERI

In 2015, a reserve fund, under the control of the director-general, was created to cope
with design changes and unforeseen equipment procurement. This fund enabled a
more streamlined management and timely budget allocation, for example, to control

inter-equipment interfaces.

[ALMA]
The lack of contingency in the Japanese budget is seen as a problem. The contingency
should be included in the budget plan and should be used at the discretion of

management.

2-2-4. International cost sharing

The PIP assumes the host state’s financial contribution® to ILC construction and
management to be no greater than approximately 50%%, with the remainder to be
shared among the member states. The operational budget of the accelerator is also to be
shared among participating entities; several cost sharing methods are being discussed.
As an international organization financially supported by the participating entities, a
balanced management system is indispensable to avoid excessively centralized power
accruing to the host state and to guarantee an appropriate degree of authority for each
member state.
* Not including the costs to improve living environment and social infrastructure
T It 1s noted in the “Conclusions on the 250 GeV ILC as a Higgs Factory proposed by
the Japanese HEP community” reported by LCB in November 2017 that in recent
examples of similar international projects, the host country made the majority
contribution.
International cost sharing differs for different projects. Examples presented at the

organization and management working group meetings are shown below.

[ITER]

The host “premium” increased during the course of bidding for the site. Later
negotiations, however, readjusted the contribution to 45.46% for the host and 9.09%
each for the remaining partners (Japan, the US, Russia, China, Korea, and India),
securing democratic decision making and preventing the host from securing a

controlling majority.
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2-3.

[CERNI]
European countries established it in 1957 in response to the rapid expansion of a
scientific project and to the perceived need to compete with the US and the Soviet
Union. The financial contribution of a member state was originally based on its GDP
while the system of sharing® over the past three years is based on its Net National
Income (NNI).
* Top three countries in financial contribution (2015) were: Germany (20.5%);
France — the host country (15.1%); and the UK (14.3%). Switzerland, another host

country contributed 3.9%.

[ALMA]

While started with the assumption that the total cost would be divided equally among
Japan, North America, and ESO (European Southern Observatory), during the course
of project approval and budget negotiations in each country, the final fractional
contribution resulted in 25% from Japan and 37.5% each from North America and
ESO.

International cost sharing will be negotiated among participating governments.
Agreement will be reached only after the project is approved by a science council or its
equivalent in each country and progress towards securing the budget in each country,
made by each government.

Considering the possibility that the ILC Laboratory hosted by Japan may be regarded as
an Asian international research center complementary to CERN in Europe, the project
should be open to Asian partners that could join and cooperate with proper financial

contributions.

Organization and management of detector construction and international experiments
Two experiments, the ILD and the SiD as assumed in the PIP, allow scientific
cross-checks, but the costs of building detectors and the experimental hall will rise. The
need for two experiments should be carefully investigated.

As in the case of previous experiments at accelerator facilities, an experiment at the ILC
should be open to any institutions in any country/region. Democratic administration
should be secured through a management body of an appropriate size comprised of
elected members with limited terms. A high-level decision-making body should oversee
the executive management.

Some may argue that cost-effective participation with less contribution is possible. In
the event that Japan hosts the ILC, it will be important to demonstrate clearly the
rationale, appropriateness and merits of hosting the ILC.

Strategic management of the ILC experiment is required to ensure that each country

has a balanced share of responsibility for detector construction; of group management
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that requires significant budget and human resources; and of responsibility for data

analysis that is more attractive academically.

3. Reviews of living environment and social infrastructure

3-1.

3-2.

Demographics

The PIP assumes a total population of researchers, laboratory employees, and their
families of about 10,000, the size of a small town. The Siting Report estimates an
ILC-related population around the site of 6,000 in the construction peak 7th year; 4,100
in the 11th year after the start of operations; and 5,100 in the 20th year.

However, the above estimates should be reexamined for the following reasons. Firstly,
the population around the site may diminish after the construction period as
collaborators are able to carry out data analysis at their home institutions thanks to
high-speed internet connection achieved with currently available technology.

Secondly, it should be noted that CERN, on which the above estimation is based, is

located in the vicinity of Geneva, an international city.

Requirements for living environment and social infrastructure

With the above caveats, the population estimated in the PIP and the Siting Report
should be readjusted for designing the living environment and social infrastructure
around the ILC site based on more realistic data for the case that Japan hosts the ILC.
Requirements for living environment and social infrastructure include housing,
childcare, education, medical care, life support, finance, transportation, shopping, food,
culture, recreation, visa, residence status, job opportunity for family members, and
participation in community activities. Support from local governments around the ILC
site will be indispensable to provide public facilities and services to satisfy some parts of
the requirements.

Development of local infrastructure is a significant investment, and the cost sharing
should be sorted out between the ILC Laboratory and relevant organizations such as the
central/local governments, with the possibility of cost sharing between the host state
and member states.

Unlike the case of ITER, in which the cost of local infrastructure was covered primarily
by the host state* as a result of international competition in project invitation, a more
balanced sharing would be better for the ILC for which there is no such international
competition.

* Responsibility of the host state, France, is defined in the ITER Agreement Annex.
Within this framework local governments agree to share the cost for ITER
infrastructure development with 467 million euro over 10 years.

As Japan suffers from frequent natural disasters such as earthquakes, safety will be

essential for the ILC to coexist with local governments. It will be important to build a
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good relationship with local governments, considering the fact that the ILC Laboratory

will handle radioactivity.

4. Study of a plan to set up an international research institute in Japan

4-1.

4-2.

Participation of Japanese universities in ILC experiments collaboration

Make good use of the experience gained in the management of the Belle II experiment,
which is currently under way as a joint international project hosted by Japan.

It 1s difficult for a research group at a university to make a visible contribution to a huge
international accelerator experiment. Devise a strategy to strengthen the presence of
Japanese universities if the ILC Laboratory is hosted by Japan.

Invest available resources in a focused manner, by establishing a national consortium
for the detector development and data analysis. This scheme will be effective in
increasing the presence of Japanese universities. It will also encourage talented foreign
scientists working at the ILC Laboratory to visit and collaborate with university teams,
thereby helping domestic universities internationalize.

Establish a training course on special topics, such as accelerators, cutting-edge
semiconductor detector technology, electronics, and computing, with the cooperation
between the ILC Laboratory and universities. The courses would be for young
researchers who will be able to work in an international environment.

Provide a training opportunity for technical and office staff to improve multilingual
communication skills and their ability to provide technical and administrative support

to researchers.

Relationship between KEK and the ILC Laboratory

In the event that Japan hosts the ILC, KEK is expected to conduct research programs in
disciplines different from those at the ILC Laboratory. A model can be found in Europe,
where particle physics research is integrated into CERN, while other national
laboratories, such as DESY (Deutsches Electronen-Synchrotron) in Germany and PSI
(Paul Scherrer Institute) in Switzerland, constructed accelerators for purposes different
from the one at CERN, such as creating a light source that includes free electron lasers
and a high-intensity proton accelerator.

Even after the ILC is built in Japan, the national accelerator laboratory, namely KEK,
needs to be maintained, taking maintenance and development of expertise and
technology into account. Financial constraints, however will make it difficult to
maintain the funding level as is, and the programs will be subjected to close scrutiny by
the relevant communities.

A strategy taken by DESY provides a good model for the future of KEK in the event
Japan hosts the ILC. Among the accelerator laboratories in the world that shifted their
research focus from particle physics to photon science, DESY maintains an active group

of experimental particle physics researchers and plays a leading role in the high-energy
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physics programs at CERN and KEK, although photon science is DESY’s current major
research program.

When DESY terminated its accelerator operations for high-energy physics at almost the
same time as CERN began the operation of the LHC, many researchers at DESY joined
the LHC experiments while keeping their affiliation to DESY. In a similar way, high
energy physicists at KEK could join the ILC experiments while keeping their KEK
positions.

It is important for the IL.C Laboratory to have a strong central team with clearly defined
authority. KEK is expected to support early establishment of such a central team as the
main laboratory for the hosting country.

It will take time before the ILC central team can seize the initiative, particularly in
technology. By assigning leaders capable of leading an international team, with the
support of KEK on various issues, the leadership in accelerator construction will be

gradually transferred to the central project team.

4-3. The future of high-energy physics in Japan

At the building a new accelerator, the available knowledge and technology together with
future progress will need to be considered. In Europe, the European Committee for
Future Accelerators(ECFA), organized by the European particle physics researchers’
community, led discussions on the type of accelerator, the available technology and an
appropriate host institute. The host institute in each country submitted a proposal; then
the science council in each country coordinated various disciplines; and finally the
government decided go or no-go.
The Japanese high energy physics community is currently conducting diverse research
programs and has proposed a huge project, ILC, as a major future project. The
community must establish a consensus on a future research strategy by limiting the
number of projects to implement the ILC project.
A model can be found again in Europe. European laboratories working on fusion science
concentrate their efforts on the completion of ITER procurements, support the ITER
project and related R&D for prototyping, following the roadmap laid out by
EUROfusion*, a European consortium that coordinates fusion research in Europe.
* A consortium composed of 30 research institutes and organizations from 26
countries in the EU, Switzerland, and Ukraine. EUROfusion manages European

nuclear fusion research other than ITER procurement.

4-4. Industrial participation including Japanese corporations

4-4-1. Hub laboratories and industry

The PIP assumes a promising model of production that entails mass production of
superconducting cavities and cryo-modules at regional hub laboratories in a short period
of time. This framework enables corporations to conduct R&D without capital

investment. Access to the technical expertise benefits industry.
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Corporations without assembly facilities can justify new capital investment by noting
that experience gained by the ILC project will lead to future spin-off business. A
participating company, for example, is expected to have access to the assembly facilities
to meet future demand.

Application of superconducting cavity technology is important, although this is not so
clear at present. Spin-offs and technology transfer should be promoted by collaborating
with industry, just as CERN supports knowledge transfer by establishing a dedicated
support group (CERN Knowledge Transfer Group).

To reduce the costs of ILC construction, it will be important that hub laboratories
provide technical support to the industry and that they share information among
themselves. In the long history of the development of high-energy accelerators and
superconductor technology, researchers at academic institutions and industrial
engineers have shared their experience in joint R&D, even their experience of
unsuccessful results. The top management of the ILC Laboratory should also make use

of this collaborative practice.

4-4-2. International tender

Procurement for the ILC project is expected to comply with the WTO Agreement on
Government Procurement. The contract therefore may not be won by a company that
has already established a strong partnership with a hub laboratory. It is important to
devise a procurement system and a procedure to quickly build up partnerships with
contractors that have little experience in collaborating with a hub laboratory.

In Japan and Europe, research institutes and industries often establish partnerships for
the production of equipment, while in the US, it is usually manufactured in an in-house
workshop. These differences in industrial culture should be respected as long as
performance meets the specifications.

A long and strong academia-industry partnership is one advantage to the Japanese way
of manufacturing. Both parties should make an effort to maintain this good practice

while ensuring compliance with international rules of procurement.

4-4-3. Lessons learned from previous accelerator projects

It has been pointed out that the cancellation of the SSC originated from the alienation of
the management of a production team in industry from the management of a design
team at the institute. It is essential to establish a well-defined chain of command under
the leadership of a scientist extraordinarily capable of management.

A distinctive character common to most Japanese research institutions is a lack of
engineer positions. Obviously a team comprised only of scientists will be unable to
manage an international project as large as the ILC. Therefore, a strong management
team should be established by inviting talent rich in experience on big international

projects from both academia and industry.
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CERN, as a powerful central institute, has dealt with various problems arising at the
LHC in cooperation with other world-leading institutes. The ILC project should learn
from their experience.

As the PIP was worked out only by scientists, some industrial angles are missing.
Further study is needed to elaborate the plan of ILC management in cooperation with

industry.
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ICFA Statement on the ILC Operating at 250 GeV as a Higgs Boson
Factory

The discovery of a Higgs boson in 2012 at the Large Hadron Collider (LHC)
at CERN is one of the most significant recent breakthroughs in science and
marks a major step forward in fundamental physics. Precision studies of
the Higgs boson will further deepen our understanding of the most
fundamental laws of matter and its interactions.

The International Linear Collider (ILC) operating at 250 GeV
center-of-mass energy will provide excellent science from precision studies
of the Higgs boson. Therefore, ICFA considers the ILC a key science project
complementary to the LHC and its upgrade.

ICFA welcomes the efforts by the Linear Collider Collaboration on cost
reductions for the ILC, which indicate that up to 40% cost reduction relative
to the 2013 Technical Design Report (500 GeV ILC) is possible for a 250
GeV collider.

ICFA emphasizes the extendibility of the ILC to higher energies and notes
that there is large discovery potential with important additional
measurements accessible at energies beyond 250 GeV.

ICFA thus supports the conclusions of the Linear Collider Board (LCB) in
their report presented at this meeting and very strongly encourages Japan
to realize the ILC in a timely fashion as a Higgs boson factory with a
center-of-mass energy of 250 GeV as an international project!, led by
Japanese initiative.

1 In the LCB report the European XFEL and FAIR are mentioned as recent
examples for international projects.

Ottawa, November 2017
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Conclusions on the 250 GeV ILC as a Higgs Factory proposed by the
Japanese HEP community

— Short Summary —
Linear Collider Board
8 November 2017, Rev 1

Physics studies by the Linear Collider Collaboration Physics and Detector
Group[1], and the Japanese Association of High Energy Physicists (JAHEP)
[2] show a compelling physics case for constructing an ILC at 250 GeV
centre of mass energy as a Higgs factory. The cost of such a machine is
estimated to be lower by up to 40% compared to the originally proposed ILC
at 500 GeVI[3]. The acceleration technology of the ILC is now well
established thanks to the experience gained from the successful
construction of the European XFEL in Hamburg. One of the unique
features of a linear collider is the capability to increase the operating energy
by improving the acceleration technology and/or extending the tunnel
length. For these reasons, the Linear Collider Board strongly supports the
JAHEP proposall4] to construct the ILC at 250 GeV in Japan and
encourages the Japanese government to give the proposal serious
consideration for a timely decision.

In recent examples of similar international projects!, the host country
made the majority contribution. A natural expectation would be that the
cost for the civil construction and other infrastructure is the responsibility
of the host country, while the accelerator construction should be shared
appropriately. A clear expression of interest to host the machine under
these principles would enable Japan to start negotiations with
international partners. It would also allow members of the international
community to initiate meaningful discussions with their own governments
on possible contributions.

1 Recent examples in the field close to the ILC are European XFEL and
FAIR in Germany.

References

[1] K. Fujii et. al. (Linear Collider Collaboration), “Physics Case for the 250 GeV Stage of the
International Linear Collider’, DESY-17-155 / KEK Preprint 2017-31 / LAL 17-059 /
SLAC-PUB-17161, arXiv:1710.07621 [hep-ex].
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Collider Machine Staging Report 2017, Addendum to the International Linear Collider Technical
Desgn Report published in 20137, DESY 17-180, CERN, KEK Report 2017-3, arXiv:1711.00568
[hep-ex].

[4] JAHEP, “Scientific Significance of ILC and Proposal of its Early Realization in light of the
Outcomes of LHC Run 27, http://www.jahep.org/files/l JAHEP-ILCstatement-170816-EN.pdf.
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16 July 2018

Reply from the Linear Collider Board to
the MEXT Particle and Nuclear Physics Working Group

(Translation from the document in Japanese submitted on 16 May 2018)

In its meeting held in November 2017 in Ottawa, the Linear Collider Board (LCB)
described the two accelerator based research facilities, European X-ray Free Electron
Laser (European XFEL) and Facility for Anti-proton and Ion Research (FAIR), to be
relevant for the current ILC discussion in the following two aspects: For both cases,
the host country, Germany,

1. carried a considerable fraction of the costl, and

2. declared first their intention to host the facility2 with a significant contribution and
then took initiative to form an international collaboration and to play a leading
role in the project realisation.

According to the LCB opinion, the host county needs to take a leadership in forming
an international collaboration in order to achieve timely construction of the ILC

project at the present moment. Indicating the intention of making an appropriate
contribution as a host country is highly desirable to start such process.

" The LCB understands, as pointed out by the ILC Project Implementation Planning
(PIP) that the actual sharing of the cost and responsibilities, and organisation for
construction and operation of the ILC are to be decided by the negotiation among the
governments of participating countries. A cost sharing model referred by the LCB in
the November statement, namely “the civil engineering and infrastructure being under
the responsibility of the host country while the accelerator cost being shared
appropriately among all the participating countries”, was introduced as an example
since this scheme had already been discussed by the LCB in Valencia in July 2014
and well understood by the community.

*>One of the four important items in the European Strategy for Particle Physics
adopted by the CERN Council in May 2013 is about the ILC and reads as “Europe
looks forward to a proposal from Japan to discuss a possible participation.” The
expectation towards the host country as it appears in the LCB statement is derived
from there.
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European X-Ray Free-Electron Laser

B Synopsis
An X-ray free-electron laser facility, which is instrumental in the study of atoms,
molecules and cells, located in a suburb of Hamburg, Germany. It generates high-
intensity coherent X-rays with wavelengths as low as 0.05 nanometer from electron
beams with an energy of 17.5 GeV on the principle of free-electron laser.
B Construction period

Construction started in 2009 (*1) 2005 price level
Commissioning started in 2016 (*2) 1 Euro = 136.89 Yen
. . (An average published by Bank of Japan in 2005)
User operation started in Sept. 2017 (*3) 1 Euro = 133 Yen
H (An exchange rate published by Japanese Minister
. Construction Cost of Finance in Nov. 2017)

1.22 billion Euro ™Y (ca. 167 billion Yen(*z))
Cost sharing : Germany(58%), Russia(27%), Others(1~3% ea)
(At the start of the project, Germany contributed
ca. 54% of 1,082 billion Euro, the maximum agreed cost)
B Operation Cost
117 million Euro (ca. 15.6 million Yen
Cost sharing:

(*3))

-Before user operation:
same as the sharing ratio of construction cost
-User operation phase: fl
50% of the total is shared following the same rule

as the construction cost. The remaining 50% is
shared by participating countries in proportion to their utilization
B Participating countries (12 countries)
Denmark, France, Germany, Hungary, Italy, Poland, Russia, Slovakia, Spain, Sweden,
Switzerland and United Kingdom
M Size of the facility
Length of linac tunnel 3.4km
(ngth of sperconducing li

Linac modules

nac 1.7km)

_i‘«. b

.. Sy

(Summarized by High Energy Accelerator Research Organization, KEK)
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Facility for Antiproton and Ion Research

B Synopsis
A heavy-ion accelerator, which accelerates heavy ions up to uranium, under
construction at a heavy-ion laboratory (GSI) in Darmstadt, Germany. By using the
heavy-ion beams, various studies are being planned: high-density hadron materials,
unstable nuclei and astro-nuclear physics, plasma physics with various ion-beams,
medical applications such as cancer therapy, and hadron physics with antiproton beams.
B Construction period
Started in 2017
Expected completion in 2025
[l Construction cost
1.262 billion Euro(*l)(ca 173 billion Yen(*z))
Cost sharing: Germany(69%), Russia(17%), Others(0.5~3.5%)
(At the start of the project, Germany contributed 69% of 1,027 billion Euro.)
Bl Operation cost
118 million Euro"™(15.7 billion Yen'™)
Operation cost is shared among the stakeholders of the FAIR GmbH and the sharing
scheme will be decided at a FAIR Council meeting slated to take place within 3 yeas
from the start of construction.
B Participating countries (9 countries)
Germany, Finland, France, India, Poland, Romania, Russia, Sweden, Slovenia and
United Kingdom(*) (*)United Kingdom is currently associate member country
M Size of the facility
Circumference of the superconducting synchrotron: 1,100m

(*1) 2005 price level
(*2) 1 Euro =136.89 Yen

(An average published by Bank of Japan in 2005)
(*3) 1 Euro =133 Yen

(An exchange rate published by Japanese Minister
of Finance in Nov. 2017)

Superconducting

/ Synchrotron

Linear Accelerator

Ring Accelerator
515100

Ring Accelerator

Linear Accelerator
UNILAC

Rare Isotope
Production Target

Antiproten Ring KB
HESR ntiproton

Production Target

Experimental and
Storage Ring
CR Ring

| |
100 metres

m existing facility
= planned facility

= experiments

|

Under construction

J

(Summarized by High Energy Accelerator Research Organization, KEK)
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International Organizations of ILC Researchers

ILCSC

ILC Steering
Committee

GDE

Global Design
\_ Effort Y,

RD

Research Directorate

>

- |

|[UPAP

ICFA

Reorganized

as...

LCB

Reorganized
as...

LCC

ILC R&D
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The International Union of Pure and Applied
Physics
Federation of physics societies in different countries

intended for advancement of physics and international
cooperation

International Committee for Future

Accelerators
Considers future accelerator projects as a sub-committee
of IUPAP

Linear Collider Board
International board that promotes linear collider projects;
Founded in 2013 through a reorganization of the ILCSC

Linear Collider Collaboration

International organization that promote multilateral
discussion and technology development for linear collider
projects

ILC Research and Development
Executes ILC R&D as part of LCC

Edited by MEXT based on information provided at the 1%
working group meeting on the organization and
management for ILC
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1.

Focal Points for the Advisory Panel on the Report Entitled
“Re-calculation Results of Economic Ripple Effects on International Linear Collider (ILC) Project”

Premises of the economic ripple effect estimation

(1) Calculate the ILC-specific economic ripple effects arising from ILC as effects-generating sources.

(2) Calculate the economic ripple effects on Japan (industry) with Japan’s expected burdens for ILC
construction (as assumed in this survey).

(3) The expenditure that accounts for the effects-generating sources of ILC comes from the number
posted in TDR in principle. However, part of said expenditure that can be estimated quantitatively
with a certain degree of certainty will be targeted for the calculation.

(4) The measurement period for ILC’s economic ripple effects (amounts generated) is set as 20 years: a
decade each for construction and operation.

(5) With regard to the economic ripple effects from “construction” of ILC, the expenses (investment
expenditures) that are not yet posted in TDR but occur as ILC-specific expenses, regardless of the
undetermined prerequisites at present, are not included in the effects-generating sources, as follows:

m Preparatory expenses, common foundation expenses and major research facility construction costs
(6) With regard to the economic ripple effects from “activities” of ILC, the expenditures that are not yet

posted in TDR but occur as ILC-specific expenditures, regardless of the undetermined prerequisites at
present, are not included in the effects-generating sources, as follows:

m Expenditures for operating costs of participating/located research institutes and consumption
expenditures by ILC-related visitors/conference participants

Validity, requirements and limits in applying the CERN business expansion coefficient “3.0”

(1) Calculate the ILC-specific economic ripple effects arising from ILC as effects-generating sources.
o A system is in place, with which the ILC International Research Institute (tentative name) itself carries

out technological development (new/improvement) and transfers technology developed accordingly to
supplier companies under contract

o The ILC International Research Institute places numerous orders to supplier companies under contract
for procuring products while transferring technology

o Many technology-intensive companies are included in the list of supplier companies contracted with
the ILC International Research Institute (approximately 10% or more of all contract companies in
number, if you refer to CERN)

o High-value technology transfer annually occurs from the ILC International Research Institute to private
companies in 15-20 cases on average over the decade-long construction period (assuming a level

equivalent to the performance of CERN’s LHC)

(2) It should be noted that the business expansion coefficient “3.0” cannot always be achieved, even if ILC
meets the above conditions, because the (necessary and sufficient) evidence and achievement conditions

of the coefficient “3.0” through CERN’s technology transfer cannot be accurately determined.
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3. Summary of ILC’s economic ripple effects estimation and interpretation of the multiplier “1.95 ~

1.96”

(1) ILC’s economic ripple effects arising from both “economic ripple effects by construction and activities”
and “economic ripple effects by technological development” (ILC-specific effects, which are estimated

to occur over 20 years with a decade each for construction and operation) are as follows: The final
demand to be generated amounts to 1,216.6 ~ 1,333.8 billion yen and the production to be induced
amounts to 2,377.6 ~ 2,610.9 billion yen, equating to a multiplier of 1.95 ~ 1.96 times.

(2) Comparing the multiplier of ILC within the range of 1.95 ~ 1.96 times with other final demand items, it
is 1.66 and 1.73 times with respect to “Gross domestic fixed capital formation (private)” and “Gross

domestic fixed capital formation (public),” respectively. Accordingly, while the ILC multiplier is
numerically larger, given that the production inducement amount of ILC includes secondary indirect
effects (the multiplier of 1.95 ~ 1.96 times has a different meaning from the production inducement

coefficient in the input-output table) and the sector classification of the input-output table used in this
survey is too rough to evaluate correctly, a comparison simply cannot be made.

[Production inducement coefficients by final demand items (54 sectors):
Extended Input-Output Table in 2014]

* Private final consumption expenditure

+ Gross domestic fixed capital formation (private)

+ Gross domestic fixed capital formation (public)

+ Exports

1.62
1.66
1.73
2.06

Chart 1 Economic ripple effects of after-review ILC project (250 GeV ILC) (Summary)

Civil engineering Equipment
Re-calculation results (minimum scenario) work: 111.0 billion yen procurement:  173.6 billion yen
Additional
ILC construction | ILC activities business Total
generated by ILC
Final demand (billion yen) 284.6 411.2 520.8 1,216.6
Induced production (billion yen) 642.2 786.5 948.9 2,377.6
Direct effects 252.7 381.3 391.9 1,025.9
Primary indirect effects 254.7 243.0 377.4 875.1
Secondary indirect effects 134.9 162.1 179.5 476.5
(Of which) Induced gross value added (billion yen) 267.4 405.9 389.5 1,062.8
(Of which) Induced employee income (billion yen) 164.9 215.2 236.0 616.1
Induced number of employees <total number> 342 49.0 494 132.6
(1,000 persons)
Induced number of employees <annual 34 2.5

average> (1,000 persons/year)
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Civil engineering Equipment
Re-calculation results (maximum scenario) work: 129.0billionyen  procurement:  191.9 billion yen
Additional
ILC construction | ILC activities business Total
generated by ILC
Final demand (billion yen) 320.9 437.2 575.7 1,333.8
Induced production (billion yen) 725.5 836.5 1,048.9 2,610.9
Direct effects 285.6 405.1 4333 1,124.0
Primary indirect effects 286.5 258.9 417.2 962.6
Secondary indirect effects 153.4 172.5 198.4 524.3
(Of which) Induced gross value added (billion yen) 303.1 430.6 430.5 1,164.3
(Of which) Induced employee income (billion yen) 187.5 229.0 260.8 6774
Induced number of employees <total number> 389 52.1 54.6 145.6
(1,000 persons)
Induced number of employees <annual 39 2.6

average> (1,000 persons/year)

(3) The multiplier “1.95 ~ 1.96” is the ratio of production inducement to the generation of final demand
arising from ILC. Note that it does not mean a net benefit to the cost put in by constructing and

operating IL.C, as occurs with the production inducement coefficient of each sector in the input-output

table.
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*Reference 1: “Survey analysis on research trends in countries worldwide, including technical/economic

ripple effects with respect to the International Linear Collider (ILC) project and technical

aspects in the field of elementary particles/nuclear physics”
(March 2015, Nomura Research Institute)

In the pre-review ILC project (500 GeV ILC), it was assumed that the economic ripple effects of ILC

arising from both “economic ripple effects by construction and activities” and “economic ripple effects by

technological development” (ILC-specific effects, which are estimated to occur over 20 years with a decade

each for construction and operation) are as follows: The final demand to be generated amounts to 2,100 billion

yen and the production to be induced amounts to 4,460 billion yen.

In addition, according to the above calculation results, while a certain amount of technical ripple effects

arising from the ILC project are expected, judging from past relevant cases, there is not necessarily any

prospect of ILC-specific technology being applied to general consumer technology and product development.

Chart 2 Economic ripple effects of the pre-review ILC project (500 GeV ILC) (Summary)

Civil engineering Equipment
FY2014 Survey work:  160.0 billion yen procurement:  271.5 billion yen
Additional
ILC construction | ILC activities business Total
generated by ILC
Final demand (billion yen) 431.5 862.5 814.5 2,108.5
Induced production (billion yen) 1,038.9 1,774.7 1,647.0 4,460.6
Direct effects 401.2 817.2 696.6 1,915.0
Primary indirect effects 409.0 579.8 597.8 1,586.6
Secondary indirect effects 228.7 377.7 352.6 959.0
(Of which) Induced gross value added (billion yen) 462.0 943.1 797.5 2,202.6
(Of which) Induced employee income (billion yen) 267.2 472.1 453.5 1,192.8
Induced number of employees <total number> 54.7 104.4 95.6 254.7
(1,000 persons)
Induced number of employees <annual 55 52

average> (1,000 persons/year)

*Reference 2: “Opinions on International Linear Collider Project” (Gist)

(September 2013, Science Council of Japan)

2 Consideration of each matter for which a request for deliberation was received:

(3) Significance of implementing the ILC project in Japan for its citizens and society

@ Ripple effects

Technological ripple effects: ILC-related technological development, including accelerator-related

technology, is expected to produce a certain degree of ripple effects in relevant fields. However, it is

unlikely that highly specialized ILC-related technology will be immediately applied to general

consumer technology or directly to product development.

(omitted)

Discussing ripple effects on either technological development or economic activity is secondary and

does not therefore constitute a main argument to justify the ILC project requiring a huge budget.
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